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EDITOR’S PREFACE. 


After perusing the fifth edition of Wagner’s Pathology in 1872 I was 
strongly impressed with the idea that it was well worthy of reproduction in 
this country. No book in the English language gives such a thorough 
resume of the elements of medicine, and in none is the matter so arranged 
as to be available for both the student and the practitioner. This, the 
sixth German edition, is much improved, many references to publications 
in 1872 having been inserted; in many chapters the work is fully up to 
date. This elaboration is perhaps most evident in the sections on the 
theories of fever; where knowledge which could only be obtained by 
laborious work in a large city library is condensed within the compass of a 
few pages. 

I have permitted myself to make very few changes from the original ; 
two or three pages from the sections on soil and climate, and some short 
paragraphs in the chapter on fever, have been omitted. A few foot-notes 
and bibliographical references (chiefly American), and an index of authors, 
have been added. 

My friend I)r. Van Duyn has translated at least two-thirds of the book. 
The proof-reading and arrangement of the work have fallen to my share. In 
our translation we have encountered some difficulties, and those who have 
done the same kind of work will know how to make allowance for a num¬ 
ber of awkward sentences in the English. We have endeavored to be 
literal and at the same time clear; and elegance of style has not been 
aimed at. 

The metric measures and the centigrade tliermometric scale have been 
retained. I have done this in order to aid in diffusing knowledge of these 
now national standards, and to do a trifle toward bringing medical ob¬ 
servers in this country into closer communion with the general scientific 
body. 

E. C. Seguin. 


New York, January , 1876, 



PREFACE TO THE FIRST GERMAN EDITION. 


The authors of this work were closelv united for nine years by common 
scientific interest and most intimate friendship, until the death of Uhle, in 
1861, severed the relationship. As long as both of us labored at the same 
University, and in the same city, questions closely connected with general 
pathology formed the subject-matter of almost daily converse ; and hence the 
wish was often expressed that we should together write a manual on this 
subject. The execution of this plan was provisionally thwarted by the 
calling of one of us to a distant University. 

For the possibility of fulfilling this long-postponed design, T am indebted 
to Uhle’s widow, who bequeathed all his manuscripts to me. Upon perus¬ 
ing them I discovered that Uhle had carefully elaborated just those chap¬ 
ters which had been only incompletely filled in my work. This book is the 
product, of the union of both manuscripts. 

As regards the division of labor, it should be stated that the first part in 
plan and for the greater part in execution is by me ; the second part, with 
the exception of the last chapter, by Uhle ; the third part is mine, with the 
exception of some passages in various chapters, and of the article “ Fever,” 
which was planned by Uiile. 

Thus much in regard to the origin of the book. As regards the concep¬ 
tion of the whole, the grounds upon which this conception was based, and 
all other points, the work must speak for itself. 

E. Wagxer. 

LEirzio, March , 1802. 



PREFACE TO THE SIXTH GERMAN EDITION. 


The present edition has been augmented in every part. It has thus be¬ 
come more voluminous than I might have wished; but I hope that the 
utility of the book has not been injured by this, because I have as much 
as possible endeavored to thoroughly sift important facts on the one hand, 
and on the other to present in smaller type documentary evidence and mat¬ 
ters of less importance. 

The preparation of this edition has been more difficult than that of the 
others, chiefly because of three evils with which our literature is afflicted. 
These are : in the first place, the preliminary communications which usually 
are not followed by confirmatory statements; second, the large number 
of publications about experiments which are occasionally useless; and, 
third, the present condition of the question of fungic diseases. 

For the account of Fever, and for several sections on aetiology (Ground, 
Climate, Dwelling), I am indebted to Prof. Thomas. I also wish to ex¬ 
press my thanks to Prof. Huppert (5tli Ed.), and to Prof. F. Hofmann 
(6th Ed.), for many chemical explanations. 


E. Wagner. 
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PART FIRST. 


GENERAL NOSOLOGY. 


GENERAL CONCEPTION AND FORMS OF MORBID STATES. 

Pathology is the knowledge of disease; general pathology is the 
knowledge of the morbid state and of disease in general; special pathol¬ 
ogy is the knowledge of individual diseases. 

It is impossible to give a short and clear definition of disease. Usually 
disease is referred to as the condition opposed to health. Both expressions 
are in common use. 

That individual is healthy, in whom the more important phenomena of 
life (nutrition in its widest sense, development, and reproduction ; move¬ 
ment, sensation, and psychical activity) take place quietly and uniformly, 
and who has the sense of well-being. If we attempt to make the conception 
of health more clearly defined, it is easy to fall into absurdities. For, in a 
scientific conception of health, it is necessary to suppose that not only all 
parts of the body perform their normal functions, but also that they are 
normally associated. And yet in this there may occur great deviations from 
the ideal type, and the affected person remain well and live long. In a 
strict scientific sense, it may be said that no one is healthy. 

Fie is sick in the sense above referred to, in whom the phenomena of life 
are disturbed, or upon whom external physical and chemical agencies act 
with unwonted energy. In consequence, the affected person usually has 
a feeling of ill-health. Yet this conception of sickness is too limited ; since 
a person may for a time appear to exhibit normally performed functions, 
and may have the feeling of complete health, and yet be seriously ill. 

Consequently, in the conception of disease, we must include not merely 
modifications in the state of feeling and in the performance of function, but 
also the more considerable altei’ations of the normal structure, and composi¬ 
tion of single or numerous organs. 

It follows that health and sickness are only relative and conventional con¬ 
ceptions ; that the healthy state very gradually passes by many intermediate 
conditions into the decidedly sick state; that health and disease are not 
absolute opposites. 

Sufficient synonyms of the word disease are the expressions complaint, 
affection, disorder. Others are occasionally made use of, as, for example, 
abnormality, which are not exact equivalents, because while the conception 
of the normal is ideally well defined and invariable, that of health is broad, 
and an individual may be said to be perfectly healthy in spite of the pres¬ 
ence of various abnormalities (scars, defective external parts, absence of one 
kidney, etc.); the abnormalities only becoming diseases when they inter- 
1 
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fere with important functions, produce pain, etc. Lastly, several expres¬ 
sions are in use to convey the notion of slight sickness, as, for example, 
indisposition; and to express such conditions as arise in consequence of dis¬ 
ease, but which are partially cured, or which can have no influence upon 
the general organism. The words malformation, deformity, are applied to 
such as occur in fetal life, and defect, vitium (for example, amputation- 
stumps, mutilations, warts, etc.), to those arising after birth. 

The so-called feeble health (bodily weakness, valetudinary state) is easily 
changed into disease by the action of slight causes. It is congenital or ac¬ 
quired. It is often met with in the convalescence from severe diseases. It 
is not rarely simulated by a progressive disease which cannot be diagnosed 
in that early period ; as, for example, phthisis. 

The disturbances which constitute disease are anatomico-pathological 
(that is to say, histological), or, chemico-PATHOLOGICAL, or functional. 

Anatomico-pathological and histologico-pathological, or morphological 
alterations (defects of form) are all those in which the physical relations of 
the part are changed. These changes consist sometimes in general swelling 
(inflammation of the subcutaneous connective tissue), sometimes in altera¬ 
tions of consistence (thickening of the skin, softening of the brain), some¬ 
times in the filling or coating of surfaces, previously exposed to the air, with 
dense material (laryngeal croup, inflammation of the lungs), sometimes in 
disturbance of relations (wounds), sometimes in microscopical changes in 
the cell-contents (fattj' change, etc.). 

Chemico-pathological disorders (defects of composition) are either such 
as manifest themselves by altered quantity of a chemical ingredient of the 
body, as variable amounts of blood constituents, urinary substances, etc., 
or by altered quality of the same, as, for example, change in the fibrin 
after frequent venesections; or such as consist in the existence of an in¬ 
gredient in an abnormal situation, or in abnormal quantities, as albumen or 
sugar in the urine, urea or bile in the blood, uric acid in joints. 

Alterations of form and composition always appear together. This fol¬ 
lows from the processes of growth and nutrition in the healthy state, in 
which the formation of a single cell without chemical activity is unimagin¬ 
able. And we also have a proof of this in the direct observation of the 
majority of those diseases which have been studied histologically and 
chemically. 

Functional or symptomatic (or dynamical) disorders are those in which 
we have, as yet, been unable to detect any material lesion. This, for 
example, is often the case in pain and convulsions. And yet in these con¬ 
ditions we must admit the existence of delicate material alterations, which 
are not recognizable with our present means of investigation. 

In many cases it is furthermore important to recognize an affection as 
idiopathic or symptomatic: it is called symptomatic if another cause is 
present to account for the general phenomena, especially fever, as for 
example, roseola in typhoid fever, herpes labiaUs in intermittent fever, 
pneumonia, etc.; contrarily, when no other cause for the general symptoms, 
particularly fever, can be made out, the affection is called idiopathic, as 
roseola sestiva, autumnalis, herpes of the lip, etc. 

Every alteration has a defined seat. The causes of disease do not usually 
affect the whole body, but only a portion of it; at times a tissue, an organ, 
or a part of an organ, at times a system of tissues or organs. In the 
affected part there must next ensue a specified change in substance, an 
anatomical or a chemical alteration, or both together; so that we may 
maintain that, at least in the beginning, every alteration is local. It is 
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possible that the postmortem examination of the organs and tissues does not 
enable us to determine this localization with certainty; anatomical investi¬ 
gation is not the only means of contributing knowledge to pathology. 

Local diseases are restricted to a tissue, an organ, or a portion of one, 
during their whole existence (local diseases, local affections); or they may 
extend, or become generalized. 

Extension of disease takes place in three principal ways: 1st, by 
continuity and by contiguity ; 2d, by way of the blood and the lymph ; 3d, 
through similarity in the structure and functions of tissues and organs. 

The extension of disease by continuity and contiguity is easily 
demonstrable by sufficient anatomical knowledge. We see, for instance, a 
spreading by continuity in the catarrhal inflammation of the nasal mucous 
membrane, which may extend to the frontal sinuses, to the antrum of 
Highmore, sometimes to the lachrymal ducts and conjunctiva*, or to the 
Eustachian tubes and the middle ear, to the cheeks and pharynx, sometimes 
to the larynx, trachea, and bronchial tubes. An extension by contiguity 
we meet with in many affections of the serous membranes; a progressing 
inflammation of the stomach or intestinal canal frequently produces inflam¬ 
mation of the contiguous part of the parietal or hepatic serous membrane. 
The extension of disease by continuity and by contiguity together, we see 
best illustrated in the serous membranes. A superficial gangrene focus in 
the lung tissue will, for instance, cause a consecutive inflammation of the 
pulmonary pleura just over it, and this, in its turn, will extend by continuity 
over the remainder of the pulmonary pleura, and by contiguity to the costal 
or diaphragmatic pleura. 


Upon serous membranes the spreading of inflammation takes place in different 
ways, according to the seat of the primary inflammatory focus. In the neighborhood 
of the apex and the posterior aspect of the lung, at the place of origin of the great 
vessels from the heart, at the relatively immovable segment of the stomach (the 
smaller curvature) and the intestinal canal (caecum), the inflammation more easily 
remains circumscribed, while in other much more movable parts of the membranes it 
extends easily throughout the latter. In young individuals diseases of the epiphyses 
seldom extend to the diaphyses; which is accounted for by the fact that the epiphyses 
and diaphyses have each their proper blood-vessels, which, for the most part, do not 
communicate with each other. In this connection we might mention many inexpli¬ 
cable phenomena. Whereas, for example, cancer of the cardiac orifice always impli¬ 
cates, sooner or later, the stomach and oesophagus, cancer of the pylorus seldom 
attacks the duodenum. 

The extension of disease by continuity and by contiguity must be understood to be 
such in a macroscopic sense. To the microscope the relation of parts is very variable 
in different tissues ; sometimes the cells lie thickly one upon another (epithelia cells), 
or they may be separated from one another by interstitial substance, or connected by 
means of processes (corpuscles of connective tissue, bone-corpuscles, ganglion-cells), 
or they may be wholly isolated in a fundamental tissue (cartilage-cells). 

Tiie extension of disease through the blood and lymph occurs in 
one of three ways. The substances contained in the vessels are carried 
forward by the current of blood or lymph, and deposited in other parts of 
the vascular system (eoagula, bits of valves, etc.); or, substances originating 
outside of these vessels enter them (bile, urea, uric acid, lime-salts, fat, 
etc.); or, lastly, when substances from without the body enter the vascular 
system (dust, parasites, poisons). 

The spreading of disease in similar tissues or similar organs 
does not at the present time admit of any satisfactory explanation, unless 
the histological and physiological identity of the blood and the nerves, as 
well as the causal influences, be taken into consideration. As examples of 
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this sort of extension, we may cite affections of the connective tissue 
of external and internal parts (inflammation); of the bones (inflammation, 
tuberculosis); of the joints (articular rheumatism); of the serous membranes 
(inflammation, tuberculosis, cancer); of the skin (many forms of erythema, 
erysipelas, eczema, psoriasis, syphilides, etc.), and diseases of double 
organs, especially the eyes and kidneys. 

Whereas, most double organs are symmetrically diseased, or at least certain diseases 
manifest themselves symmetrically (tuberculosis of the lungs, syphilis of the testes, 
inflammation of the kidney, and the kidney affections known by the name of Bright’s 
disease, etc.), there are many diseases which appear only in one of the double 
organs (as, for example, primary cancer of the eyeball, of the lung, of the kidney, 
testis). This is also in part true of both sides of the heart, the brain, the thyroid 
gland, etc. 

As regards the extension of disease through the medium of the nerves, that is to 
say. in a reflex way, our knowledge is as yet so imperfect that we have no wish 
to enlarge upon it here. That this does take place in the above-named way, by 
reflexion from sensorial, sensitive, and motor nerves upon sympathetic nerves, has 
been rendered certain by researches upon the sympathetic. 

The so-called sympathetic affections of the eyes are of great practical interest in 
this respect (von Gr/Efk, Mooren, and others. Consult Peppmuli.er, Arch. v. 
Heilk., 1871, xii., p. 219; POOLEY , N. Y. Medical Journal, Oct. 1870). 

General or constitutional diseases affect either the entire organism, 
or several different organs, or tissue-masses. Those general diseases in 
which altered composition of the blood is demonstrable are called dyscrasiae, 
blood-diseases (for example, chlorosis, icterus, anaemia); those which 
become general through the medium of the blood, when the blood has 
probably taken up some poison, without an evident change in the composi¬ 
tion of this fluid, we name intoxications, or infectious, toxic diseases; 
Intoxication, when the injurious substance is derived from the inorganic 
or vegetable kingdoms ( e.g ., lead poisoning, opium intoxication, probably 
malarial disorders); Infection, if the poison is received from a diseased 
animal ( e .(/., glanders, anthrax, hydrophobia), or from a diseased human 
being (e.y., measles, small-pox, hiccough, typhoid fever, cholera, syphilis). 

Even in the case of general or constitutional diseases, the lesions 
usually involve isolated elements. If very many local disorders exist, the 
disease appears to lie general because of its numerous foci. VIRCHOW has particu¬ 
larly called attention to the existence of such local morbid conditions in general dis¬ 
eases. even in their latent stages (as in syphilis). 

The expression localization of disease implies that the morbid state is at first 
general and afterward becomes local. The knowledge of the local importance of 
every disorder contradicts this assumption. And yet, the doctrine of the localiza¬ 
tion of some general diseases in certain stages is sometimes correct. In nearly all 
intoxications the poison, be it lead, measles, or typhoid-fever poison, first makes a 
local impression ; it enters the blood through the digestive or respiratory organs, 
after which there elapses a certain period of time, during which it is impossible to 
say in what part of the body the subsequent morbid lesions will appear. When 
these last are perceptible, it is said that the disease has localized itself here and 
there. The expression has likewise been employed to designate diseases which have 
always been recognized as local; as, for example, inflammation of the lungs. In 
this disease there often pass by one or two, or even three or five days, in which the 
symptoms of a severe illness are recognized, but in which there are no signs pointing 
to the lungs as the seat of the affection. If it be said that the disease has localized 
itself in the lungs, we only mean that the local starting-point of the disorder could 
not sooner be recognized. 

There are sti'l other modes of conception of disease which have been made use of 
to designate tendencies in medicine. 

Just as pathologists at various times have considered the humors or the solid parts 
of the body as the starting-points and channels of propagation of disease, so phy- 
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sicians have distinguished themselves as humoralists or soltdists. Among solid- 
ists the NEURO-pathologists and CELLULAR PATHOLOGISTS must be separately- 
designated. It is the aim of cellular pathol"gy to place our anatomical notions of 
disease upon an histological foundation, i. e. , to connect them with the smallest 
integral parts which the microscope can discover. It is important enough that out¬ 
general notions should be sensorial in so far as is possible; but it was an error to 
suppose that cellular pathology embraced the whole of pathology. For the latter the 
blood and nerves are quite as important as the cells of organs. 

In earlier times disease was looked upon as something foreign to the organism, as 
something forced upon it, as something separate from the life of the body. This 
conception, according to which disease was a particular entity {on, ens,) which lodged 
in the body, was called ontological. Many went so far as to speak of disease as em¬ 
bodied Many expressions still in common use, as “ the disease attacks the body,” 
“ the body struggles with the disease,” “ the physician combats the disease,” “na¬ 
ture has overcome the disease,” etc., serve to remind us of the older notions. 

Again, medical men have been designated as empiricists and rationalists in 
matters of pathology, but more in regard to therapeutics. He is an empiricist who 
reasons as little as possible, does not concern himself about the explanations of 
separate symptoms, or of the mode of action of medicaments, but who relies on ex¬ 
perience. If he be old in years, and ripe in so-called practical experience, he will 
attach especial importance to his own observations. On the contrary, those physi¬ 
cians are called rationalists who do not value the facts themselves so highly as their 
explanation, and who seek the advance of pathology in the connecting of every morbid 
manifestatation immediately with physiological data. From this, however, nothing 
can issue but a pathology whose facts are taken from the sick, together with certain 
associated physiological hypotheses. 

Lastly, much is said of anatomical and physiological medicine. The anatom¬ 
ical school busies itself with the investigation of anatomical changes in the diseased 
organs and their relation with the symptoms exhibited during life. All important 
progress in medicine has been dependent upon anatomico-pathological discoveries. 
Up to the present time no method of study has penetrated so far towards the seat 
and causes of disease as pathological anatomy. The anatomical study of disease, as 
well as its histological or cellular study, is provisionally the most solid basis for our 
reasoning. And yet pathological anatomy cannot by itself explain the relations 
of phenomena in the sick; this is best done by a knowledge of similar processes in 
the healthy body, and the study of morbid processes by all the methods which are 
used in physiology for the investigation of the functions of the normal body. This 
is physiological medicine. 

The correctness and importance of the pretension to build up pathology upon a 
physiological basis rest upon these two considerations. First, it is necessary to 
maintain the elementary notion that morbid processes do not essentially differ from 
normal ones: each morbid manifestation finds its analogue, in physiological condi¬ 
tions and processes. There are no specific chemico-pathological bodies. Leucin and 
tyrosin, which were looked upon by their discoverer as the cause of the nervous 
symptoms in atrophy of the liver, were soon proven to be usual constituents of the 
healthy body. There are no specific pathological forms. It was believed, a while 
ago, that peculiarly formed cells could be said to exist in tubercle, sarcoma, cancer ; 
a statement which has been shown to be false. There are no specific pathological 
symptoms ; even the venons pulse, which is only met with in morbid states, has its 
analogue in the arterial pulse. 

We may, as has been done by VlRCHOW, designate the general morbid processes as 
HETEROCIIRONIC and IIETEROTOPIC : that is to say, as processes which would be 
called normal, did they take place at a different time or in a different spot. For 
example, an effusion of blood in the ovary at the time of menstruation is normal; 
an effusion of blood into the brain is always abnormal, and is the cause of other mor¬ 
bid phenomena ; we have here HETEROTOPIA. Hemorrhage from the mucous mem¬ 
brane of the uterus at a certain time (menstruation) is normal; at other times 
abnormal, iikterociironia. 

There is no radical difference between the forces and the substances by means of 
which normal and morbid life is kept up ; no important difference between phy¬ 
siological and pathological laws. The difference lies in the conditions under which 
the forces and substances of the body operate. 

The second important factor which is fundamental in the conception of physiolog¬ 
ical medicine, is the manner in which the altered, that is to say, pathological phe¬ 
nomena of life are investigated. This is the so-highly praised physiological method. 
However, physiology knows no methods save those of chemistry, and chemistry none 
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save those of physics. Surely a knowledge of diseased life presupposes a knowledge 
of healthy life ; pathology assumes the existence of physiology. Pathological phe¬ 
nomena must be studied by themselves, and though one may be a very good physi¬ 
ologist, and not understand all the phenomena of the sick-bed, yet we may speak of 
a pathology built up by scientific methods ; although in the strict sense of the word, 
a special physiological medicine is an empty phrase. 

The sources of general pathology as well as those of practical med¬ 
icine, are physics, chemistry, anatomy, and physiology. To be more 
particular, there are four branches from which the materials of general 
pathology are chiefly derived : Observation at the Bedside, Experi¬ 
mentation, Pathological Anatomy, and Pathological Chemistry. 

Observation at the Bedside, which includes the special pathology of 
internal and external diseases, as well as all those associated branches which 
have in later years been separated from it, such as pathological chemistry 
and physics, stands in the most intimate relation to general pathology ; every 
progress in the former naturally benefits the latter, and vice versa. 

Experimental Pathology presents the same advantages, and is open to 
the same objections as experimental physiology. The real value of the 
experiment consists in that it can be performed under determined circum¬ 
stances of place, time, and conditions; the latter may be indefinitely varied, 
and death can be induced at a precise period after the experiment. These 
advantages are offset bv a variety of serious disadvantages. A number of 
deeply placed organs are not at all accessible, or only made so by the 
injuring of other almost equally important parts; most experiments are 
accompanied by disturbing complications (haemorrhage, pain, agitation;) 
experimental assaults are usually much more violent and more sudden than 
are lesions of so-called spontaneous origin ; weak, or gradually encroach¬ 
ing irritation is not feasible in many parts. Furthermore, the experi¬ 
menter has to contend with peculiar difficulties in individual organs or 
systems; in the nervous system, for example, no conclusive experiments 
can be made upon the higher senses, or upon the higher psychical func¬ 
tions ; and farther, experiment is useful only for perceiving the occurrence 
of strongly marked symptoms, for slight irritations or palsies usually escape 
observation; and, lastly, there is a whole series of lesions which appear 
in man and in animals spontaneously, or from the operation of unknown 
causes, and which cannot be reproduced by experiment, such as for example, 
as the atrophy of amyloid degeneration, cancer among new-forinations, etc. 

In spite of these drawbacks we owe to experimentation a series of the 
most certain and beautiful observations of general pathological interest. 
We will mention only a few, such as have benefited pathology relatively 
more than physiology. In the first place, there are a number of questions 
in aetiology to which experimentation has given exact answers. This has 
been the case with regard to the origin of most of the so-called mechanical 
and chemical, or toxic diseases, with regard to the transfer of several 
vegetable and animal parasites, particularly taenia and trichina, with refer¬ 
ence to vaccination most notably, and with regard to the inoculability of 
syphilis and tubercles. That aetiology will be a true one which shall be 
based upon conclusions derived from experimental pathology, and shall 
not, as at present, consist in great part of a fruitless chaos of real and 
imaginary causes of disease. But to this end a preparatory schooling is 
necessary, which few experimenters possess, including a theoretical and 
practical knowledge of physics, chemistry, physiology, and pathology, as 
well as the spirit not to shrink from making difficult preliminary studies 
before undertaking the solution of seemingly simple questions. 
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There are also some processes for a complete explanation of which 
pathology is indebted in part to experiment, and in part to observation at 
the bedside. We will recall only the observations upon the regeneration 
and new formation of tissues, in particular the connective, bony, and mus¬ 
cular tissues, the blood-vessels, and nerves ; to the alterations in the blood 
during stagnation of the fluid within the vessels, or in extravasations ; to the 
appearance of hyperannia after section of the sympathetic ; to the various 
inflammation experiments, the old observations upon the transparent parts 
of animals, and the recent ones by section of certain nerves; to the experi¬ 
ments upon the derivation of pus; to the experiments upon thrombosis, 
embolism, and the long series of observations upon pyaemia; to experi¬ 
ments demonstrating the mechanical production of many dropsies; to 
experiments upon the origin of fever, icterus, uraemia, diabetes, tubercu¬ 
losis, etc. 

Pathological Anatomy has exerted an extraordinary influence upon 
general pathology in two ways; by the reformation of medicine in general, 
as well as by the discovery of a mass of peculiar histologico-pathological facts. 

The first point, the overthrow of the ancient symptomatic medicine by 
pathological anatomy, is, in general, well understood. “ The progress of 
medical science has been from the first intimately bound up with the pro¬ 
gress of anatomy.” 41 Pathological anatomy must be considered as not 
merely the foundation of medical knowledge, but also of the medical art, 
since it contains all that is positive knowledge in medicine, or the founda¬ 
tion of it.” Pathological anatomy has newly discovered a great number of 
diseases, which have symptoms apparently just like those of other diseases. 
This science has made it possible that our so-called physical diagnosis should 
have reached so high a degree of perfection as it has. Such affections as 
ai*e not demonstrable by means of the scalpel and microscope are, with very 
few exceptions, exceedingly obscure. 

The influence of pathological anatomy and histology upon general pathol¬ 
ogy became more specially secured by means of the microscope, to which 
alone we are indebted for a wholly new science, the general anatomy of the 
healthy and diseased tissues of the body. This influence is most apparent 
in the knowledge of the causes and consequences of haemorrhage, thrombo¬ 
sis and embolism, gangrene, dropsy ; in the knowledge of inflammation; in 
that of atrophies and new-formations. 

Pathological Chemistry has not merely contributed to our knowledge 
of numerous special diseases (renal affections, etc.), and of general patho¬ 
logical processes (fatty and pigmentary degenerations, many so-called dis¬ 
eases of nutrition), but it also first enabled us to know well the nature of 
several diseases, such as diabetes mellitus, uraemia, general fatty degenera¬ 
tion, etc. ; and it has thus become one of the important supports of general 
pathology. All great advances in the next few years must be looked for 
in this line of investigation. 

These are the sources whence has come our knowledge of general pathol¬ 
ogy, and it is from them that its future development is to be derived. 
Bedside observation should be as painstaking as possible, and each individ¬ 
ual case should be investigated by the help of all means of examination. It 
is only too true that such complete analysis is possible only in well-organ¬ 
ized hospitals. On the other hand, it should be borne in mind that a host 
of questions are to be solved only in private practice, and by the family 
physician. Unfortunately the latter now withdraws from the proper culti¬ 
vation of science, and would hold the hospital physician responsible for 
future progress. Experimentation should fulfill the conditions pointed out 
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above, and be brought into use only where exact investigation of the patient 
and post mortem examinations fail to yield the solution. Lastly, pathologi¬ 
cal anatomy should perform a double function ; it should on the one hand, 
and that perfectly independently of medical observation, endeavor to define 
all alterations of the organism, with full histological and histo-chemical 
details, more especially, however, in their genetic relations, and their beha¬ 
vior toward the organization in general. On the other hand, it should be 
closely united with clinical observation, and should study after death the 
alterations recognized in well-observed cases during life. Lastly, patholo¬ 
gical chemistry should, in conjunction with the above means, particularly 
bedside observation, become our most important aid. 

At different epochs some of the above-named sources of knowledge have been 
especially cultivated. In the last few years this has been true of experimental pa¬ 
thology, which has been employed by a few experts and by many inexperienced men, 
and which has injuriously been brought in to complicate clinical questions, causing 
errors which cannot be avoided by the use of that method alone. 


GENERAL SYMPTOMATOLOGY AND DIAGNOSIS. 

The phenomena of disease, those alterations in the physical, chemical, 
and vital attributes of the body which are noticeable by the physician 
and the patient, are called, in distinction from the phenomena of healthy 
life, symptoms or signs of disease. The knowledge of these signs constitutes 
SEMEIOLOGY or symptomatology. The art not merely of concluding from 
them to existing local alterations, but also of obtaining a knowledge of the 
compatible and actually existing conditions, or, as is said, the art of making 
a diagnosis, is called diagnosis. 

In earlier times it was more usual to make a symptomatic diagnosis ; 
we were contented with the determination of the most striking symptoms, 
and we consequently spoke of fever, pain, spasm, dropsy, jaundice, without 
taking into consideration the causes of these conditions. Even at the pres¬ 
ent day we must often remain contented with such a statement. It is 
possible, however, in many cases to ascertain the existence of definite 
alterations upon which the phenomena depend; this constitutes the anatom¬ 
ical diagnosis. 

The requirements of a complete diagnosis include not merely the recog¬ 
nition of the organ chiefly diseased, but also that we should obtain as 
thorough a knowledge as possible of the condition of all the organs, by an 
examination of the patient by all the means in our power. 

There are a few symptoms whose presence indicates with certainty, and 
even necessity, the existence of certain conditions—the so-called pathogno¬ 
monic! symptoms ; such as the pulsation of the jugular vein at the base of the 
neck, and the hepatic pulsation in insufficiency of the tricuspid valves, the 
rust-colored sputa in pneumonia. Such symptoms are however few, and 
their number has diminished more and more with the growth of pathological 
knowledge. Nearly always we cannot conclude from a single symptom to 
the existence of a given morbid state; we must consider a number of symp¬ 
toms together. 

The term negatively pathognomonic symptoms may be given to such 
as do not at all, or hardly ever occur in certain diseases—as herpes labialis 
in typhoid fever, many temperature changes in various diseases. 

Symptoms ai’e commonly divided into direct and indirect. The direct 
are such as depend immediately from the altered organ, such as, for example, 
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the color and other peculiarities of the skin, the volume of organs, their 
hardness or softness, unevenness or smoothness. Indirect symptoms are 
the consequences of certain states of organs, whose direct examination is not 
practicable. The pulse belongs to this class in that it sometimes indicates 
disease of the heart and arteries, or morbid states of other organs. Many 
alterations of the urine and sweat belong to the class of indirect symptoms, as 
in hepatic and cerebral diseases ; some disorders of the stomach are indirect 
symptoms of renal disease, etc. 

Besides, we separate functional from statical symptoms. Functional or active 
symptoms give information respecting the degree and mode of activity of organs, as 
movements, sensations; as, for example, dyspnoea, pain in the chest in thoracic dis¬ 
eases. Passive or statical symptoms indicate only certain localized conditions of 
organs, as changes in the form of the thorax, and alterations in the structure and 
texture of parts. 

Furthermore, symptoms are designated persistent when they occur throughout 
a disease ; and intercurrent when they show themselves from time to time. 

Very important is the distinction between objective and subjective 
symptoms. ' By the term subjective symptoms, we understand such as the 
patient himself feels, as pain, a sense of pressure, of constriction, etc. They 
are modified in the most varied way by the peculiarities of patients. They 
are more prominent in young and pampered individuals, whereas many 
severe diseases in old age are distinguished by the absence of these signs. 
In this class, the first rank is occupied by the symptom of pain, i.e., abnor¬ 
mal irritation, or abnormally increased activity of sensitive nerves. 

Objective symptoms are such as the physician can observe and appreciate 
through his senses. To this end we use the eye, inspecting directly as in 
cases of disease of the skin and accessible mucous membranes ; or with the 
help of illumination, as with the ophthalmoscope, laryngoscope, specula, 
etc. Sometimes we employ the ear, as in studying the phenomena of per¬ 
cussion and auscultation; at others the tact, in order to ascertain the changes 
in the consistency of parts, for the study of tumors, of pulse-changes, to ex¬ 
amine the vagina, rectum, etc. To this category we must also add all the 
results obtained by measurement, weighing, by the thermometer, by r micro¬ 
scopical and chemical examination, etc. 

The value of various symptoms in the critical appreciation of a case is of 
course very different. In general the value of a sign depends upon the 
clearness and certainty with which it can be made out, and also upon the 
degree of certainty with which its production can be traced to a particular 
organ. In consequence of the greater degree of positiveness the}' bring with 
them, objective symptoms are of much greater value than the subjective. 

Among objective signs there are some which are brought to light by 
physical, chemical, or microscopical methods of investigation, and which are 
peculiarly l’eliable and valuable. The most objective, and better named 
most PHYSICAL symptoms, are such as are not merely observed by means of 
instruments, but which are in themselves measures of the amount of the 
phenomena. To this class belongs thermometry; for, while the estimation 
of skin heat by the hand is in the highest degree fallacious, by the correct 
application of the thermometer we not only obtain the exact temperature 
as a fact, but we also thereby obtain a measure in degrees of the amount of 
fever present. On the other hand, it is a misuse of the term physical if we 
speak of auscultation and percussion as et physical diagnosis ; ” because much 
more, depends upon the experience of the observer and the dexterity of his 
hands in percussion than upon accuracy of hearing; and we possess no 
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objective measure for the phenomena, such as, for example, clear and dull 
sounds. 

In order correctly to appreciate phenomena, even the objective, we not only need 
a knowledge of anatomy and physiology, of pathological anatomy, pathology, etc., 
but also special preparation and experience. Above all, we must know what to look 
for, what to observe, and we must also be expert in those methods by which the 
phenomena are noted at the bedside. The physician of to-day must possess more 
than mere technical knowledge, he must have that skill which is only to be acquired 
by instruction and industrious practice (Wunderlich). 

Latent diseases are such as remain wholly or partially concealed from 
the physician in all or many cases, at their beginning or during their whole 
duration. This is either because the organs, with which they are connected, 
are inaccessible to examination (many parts of the lungs, the liver, pancreas, 
etc.), or because the functions of the parts are not known (certain brain 
regions), or because the disease is very much restricted (many pulmonary in¬ 
flammations, cancer of internal organs), or because they are developed slowly 
and the physical properties and the functions of the organ are not percepti¬ 
bly modified. Many diseases, serious in themselves, remain latent, because, 
as a consequence of their existence, compensatoi’y conditions are developed, in 
consequence of which they (the diseases) remain without symptoms; for 
example, hypertrophy of muscular organs behind narrow places, as at the 
cardiac orifices, the digestive apparatus, the urethra, in collateral circula¬ 
tion, etc. 

The subjective symptoms of severe disease of an organ not seldom remain latent, 
if another organ be equally or more severely affected ; as, for instance, the symptoms 
of pulmonary tuberculosis in cases of extreme tuberculosis of the larynx or intestines. 

Very often the phenomena lead us to suppose that there is disease of a 
part, without being sufficient to enable us to determine the nature of the 
disease. 

The concealment of a disease is often only relative. For in the majority 
of cases the symptoms can only be discovered by peculiar methods of 
investigation and by modes of reasoning, it follows that their discovery will 
depend upon the individual degree of skill, knowledge, and the faculty of 
j udgment of the investigator. 

The further subdivision of symptoms into primary and secondary, essential and 
accidental, consensual or sympathetic, local and general, is in part self-evident and in 
part worthless. 

There are three ways to arrive at a diagnostic judgment. These are of 
different degrees of value and certainty. If we wish to proceed safely we 
must not follow the first and second ways alone. 

The first method is diagnosis at a distance, the recognition of the 
disease AT A FIRST glance. In many diseases of the skin, of the mouth, 
and pharynx, of the joints, a single inspection is sufficient. In other dis¬ 
eases, however, to content one’s self with such an examination would pi-ove 
most superficial, and would often lead into error. In this connection we 
should take note of the general impression made upon us by the patient; 
and this becomes more instructive for the physician the more he has the 
habit of quickly analyzing a patient’s general appearance. Even if we 
cannot, in this manner, recognize the disease itself, we may often obtain 
information of use in determining the location, degree of severity, and 
danger of the disease. We use the same procedure in daily life. If we 
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meet a stranger, we conclude from physiognomy, the expression of his eyes, 
his gestures, his deportment, from the first impression we have of the 
development of certain parts of his body, to his inner psychical life, his 
character, his education, occupation, his ruling ideas and pursuits. In the 
same way the expert can, from the color of the face, from the facial expres¬ 
sion, the posture, mode of lying, the walk of the patient, from his manner 
of breathing, of speaking, etc., often draw apposite conclusions as to the 
nature of the disease. 

The second way to form a diagnosis constitutes diagnosis from the 
anamnesis, that is, from the story which the patient tells of his illness. This 
account usually consists only of a recital of sensations of the most varied 
kind, intermingled with conjectures upon the origin of the disease. If the 
patient be competent to give a chronological account of the course of his 
ailment, it is sometimes possible to draw some conclusions from the often 
confused story as to the condition of the patient’s body. Jt is necessary to 
understand popular expressions in order to be able to translate their vague 
import into medical language. The physician is sometimes obliged to give 
advice to and treat patients at a distance upon such sources of information 
transmitted by letter. It is well always to do this with the greatest 
caution, for it is natural that incomplete observation should lead our judg¬ 
ment into error. 

The third and surest diagnostic process is the objective investiga¬ 
tion. We in this way seek , to convince ourselves by actual sensorial 
observation of the anomalies presented by the diseased organism. In order 
to arrive at the most positive and comprehensive judgment of the condition, 
it is not sufficient to investigate that part of which the patient complains, 
but we must inquire into the state of every part of the body, and the con¬ 
dition of every function. This last rule is essential if one means to proceed 
in a well-grounded and certain manner. The physician’s art consists mainly 
in the thoroughness of his examination. Without this, in spite of thorough 
scientific acquirements, he remains practically a useless man. 

The examination of patients consists of two parts. 

The first is devoted to the obtaining of the anamnesis (or history of tiie 
case). The conversation is most properly begun by a general inquiry, 
What do you complain of, where is your trouble? Then the patient may 
be allowed to talk uninterruptedly for awhile, but, as soon as he wanders 
otf to irrelevant matters, as he commonly soon does, then it is necessary to 
ask special questions. In order to reach a conclusion in as short a time as 
possible, and to demonstrate our interest in the patient’s condition, we first 
investigate the organ or function which he believes to be in a morbid state. 

For example, if the patient complain of chest symptoms, we are to pro¬ 
ceed at once in this direction. The important points in this connection 
are : Cough, how much, at what time of the day ; if chronic, whether it be 
actually present, or at times altogether wanting;—Expectoration, its loose¬ 
ness, quantity, and color ;—Dyspnoea, whether when at rest, or excited by 
movement; —Pain, dull or sharp ; its seat, whether in the centre or side of 
chest; —the mode of lying, whether upon the right or left side, or if pos¬ 
sible on both sides. And for the larynx, hoarseness, etc. ; for the nose, 
bleeding, etc. 

In an analogous way the physician should investigate the condition of 
the digestive organs, the urinary apparatus, etc., and inquire into altera¬ 
tions of nutrition, into the presence or absence of fever. 

If we wish to make a more special inquiry, it becomes necessary to ascer¬ 
tain exactly the duration and course of each individual symptom, and, espe- 
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cially in chronic diseases, to determine all the circumstances which have 
caused improvement, or which have made the disease worse. 

Questions concerning the name, age, and condition of the patient, which 
usually in hospitals precede the examination of the patient, should in pri¬ 
vate practice be asked at the close of the examination, or casually during 
it.. Inquiries into the causes of disease in general, into the health of 
parents, grand-parents, sisters and brothers, into the dwelling, victuals, 
clothing, habits (as, for example, indulgence in alcoholic drinks, in smoking, 
exercise, sexual intercourse, into previous diseases, especially syphilis), 
in the case of young children, into the mode of feeding, into teething, may 
in many cases be wholly omitted ; otherwise they are asked incidentally, 
or at the end of the examination. No very exact rules can be given in 
this connection; many of the physician’s questions appear to the patient to 
be prompted by mere curiosity, unimportant ones as very necessary, etc. 

In the case of unconscious or irresponsible patients, or of young chil¬ 
dren, we must obtain the anamnesis from the persons around the patient. 

The second part of the examination consists in the study of the present 
condition of the patient, the status prcesens. 

It is best to proceed in a systematic way to examine the various organs, 
in order to overlook nothing of importance. It is well to begin with an 
examination of the nutrition of the whole body, color, etc., of the skin. 
Then the temperature should, if required, be measured by means of the 
thermometer. 

After this we proceed to the examination of special parts of the body, 
beginning with those •which are most involved in the disease, or whose dis¬ 
eases are most important; the head (the mouth and pharynx inclusive), 
neck, chest, abdomen (also the genital organs), the extremities. The 
examination should conclude with a study of the secretions and excretions. 

If the above procedure has been exactly carried out, it is quite possible, 
in the present state of our knowledge, to form an approximately exact notion 
of the condition of the patient’s organs, in most cases of chronic disease, 
and developed acute diseases. Next to the exactitude of the investigation, 
its many-sidedness should be urged. 

The art of diagnosis is only to be learned by long practice at the bed-side. 
In general terms, the process of drawing the most correct conclusion as to 
the condition of organs from the materials amassed in the examination, is 
the following: We recapitulate to ourselves in a brief way the most im¬ 
portant alterations of organs which we have found; we try to recognize 
in these groups of alterations a resemblance to well-known pathological 
conditions. If such a resemblance is not readily made out, we proceed by 
what is called the method by exclusion ; that is to say, we review in our 
minds all the diseases which these organs may suffer from, and judge 
whether any of them embrace the symptoms we have observed. In this 
way we reach the conclusion that in all probability the group of symptoms 
we have observed constitutes a certain disease, or is one of several. We 
must not allow ourselves to be influenced by the presence of a prominent 
symptom, for this may not always be caused by one disease (as the bronchial 
breathing of pneumonia), but we should weigh well all the possible causes 
of the sound, and conclude that there is pneumonia only when all the other 
symptoms and the course of the disease concur to prove it. 

Experience teaches that certain conditions and morbid processes usually 
exclude one another. Thus in cases of tuberculosis we seldom encounter 
heart-disease; and whoever has a developed moi-bid state of the heart has 
almost acquired an immunity from tuberculosis. In the same way tuber- 
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culosis and cancel - hardly ever coincide in one individual. In cases of 
strong^-marked deformity of the thorax (scoliosis and kyphosis) tuberculosis 
hardly ever makes its appearance. Among acute diseases, typhoid fever is 
the one most often excluded by other conditions: it seldom attacks pregnant 
and recently delivered women, and almost never those who have acute 
rheumatism or tuberculosis. Herpes labialis is very rare in typhoid-fever 
patients. 

Other morbid processes are often conjoined. Tuberculosis is always 
united with bronchitis; gastric catarrh with nearly all severe acute aud 
chronic disorders; herpes labialis often coexists with intermittent fever 
and pneumonia; acute rheumatism and heart-disease are not rarely con¬ 
joined, etc. 

As in individuals, certain forms of disease combine upon a large scale in 
certain periods of time. Whooping-cough and measles, scarlet and typhoid 
fevers, scarlet fever and angina, intermittent fever and dysentery often 
occur contemporaneously. 


GENERAL PROGNOSIS. 

In practice there is conjoined to diagnosis what we call prognosis, or the 
foretelling of the course, modifications, and termination of the disease. 
In this connection also there is little to be said in a general way. The 
very first inquiry usually is, whether the disease will terminate favorably or 
unfavorably, or whether the issue is doubtful: prognosis fausta , infausta, 
anceps. The next points are, if life be not in immediate danger, will the 
restoration be complete; and last, how long will the disease last. 

Naturally these questions must be examined in a more special way; for 
example, when the prognosis is unfavorable it should be determined whether 
a chronic disease, a secondary affection, or death is to be expected. 

We call severe diseases such as threaten permanent injury to im¬ 
portant organs, or death to the patient; mild diseases, those in which, 
under ordinary circumstances, a complete cure is to be looked for. Benign 
diseases are those in which the appreciable group of phenomena indicates a 
surely favorable issue; malignant diseases are those into the course of 
which unforeseen complications easily enter, as scarlet fever. 

The answers to these prognostic questions are to be shaped upon the par¬ 
ticipation of the general organism (fever, state of strength, etc.), upon the 
extension of the disease in the body, upon the value of the affected organ 
for the maintenance of life, upon the patient’s age, upon the vigor of his 
constitution, upon the character of an epidemic, upon the possibility of 
employing the proper remedies, etc. 

The correctness of the prognosis depends mainly upon the exactness of 
the diagnosis. If it be in a measure true that at the present time minute¬ 
ness in diagnosis is carried farther than is necessary for therapeutics, it is 
not at all so for prognosis. For, he who has an obscure view of the condi¬ 
tion of a patient will be surprised by many variations in the course of the 
disease, which a better-drilled physician would foresee. 

DURATION OF DISEASES. 

The duration of diseases is exceedingly various. Many end in a sudden 
catastrophe, lasting one or a few minutes; many others last KouVs and days, 
many weeks and months, some during a lifetime. Diseases which last but 
a short time are called acute ; those which last a long time, chronic dis¬ 
eases; and some pass from the acute into the chronic stage. 


14 


COUESE OF DISEASE. 


At the present time a classification is made rather upon the basis of the usual dura¬ 
tion of individual diseases, as, for instance, in the case of phthisis and rachitis, which 
usually last for years. The term acute is applied when these diseases run their 
course in a few months. Typhoid fever is spoken of as an acute disease, although in 
many cases cure is postponed beyond the fortieth day. 

Acute diseases not seldom end in chronic states, and chronic diseases sometimes 
terminate in an acute manner. 

Synonymously with acute and chronic, we often hear the expressions febrile and 
NON-FEBRILE diseases. This is true of a good many cases, though many acute dis¬ 
eases are non-febrile, many chronic diseases febrile, especially in their later stages, 
many affections are at various times febrile or non-febrile (catarrh, syphilitic, or more 
seldom other cutaneous diseases). Mauy non-febrile diseases either disappear quickly 
or kill suddenly (cases of poisoning, haemorrhage). 

Finally we have the terms typical and non-typical, used together with acute and 
chronic, such as exhibit a regular course, measurable succession of stages, and those 
with a variable, indefinite course, without a distinct tendency to cure or death. 

The duration of diseases depends in a general way upon the causes. If 
the causes have acted in a transitory manner, the duration of the morbid pro¬ 
cesses is short. If the causes are connected with circumstances not easily 
altered, as mode of life, habitation, occupation, the disease is apt to last 
longer. If the active agents are poisons which have been absorbed in small 
quantities during long periods of time, a prolonged languishing state is 
threatened. 

It is also to be observed that the more localizations a disease has, the 
longer it will last. 

Besides, the length of a disease depends upon the nature of the altera¬ 
tions which accompany it. The majority of disorders of circulation, and 
inflammations, run in general an acute course. The more diseases vary 
from these types, and are accompanied by metamorphosis of tissues (fatty, 
amyloid degenei*ations) and new-formations proper, the more their course 
is, in general, chronic. 

Lastly, in some tissues, as in bones, all diseases last a long time, because 
of peculiarities in modes of nutrition. 

COURSE OF DISEASES. 

Every disease runs a defined course. The changes in the circulation and 
nutrition, the functional disturbances, which appear from the beginning of 
an affection to its termination in a return to-the normal state, or the death 
of a part or the whole of the organism, are limited in duration. 

Occasionally the alterations subside very rapidly, in a few minutes or hours. 
This is especially likely to occur when we have to deal with the so-called func¬ 
tional disorders, or with variations in the blood-supply of single organs, and 
also in cases where only a small amount of organic change has occurred : as, 
for example, in anaemia of the brain (the usual cause of vertigo), in hyperaemia 
of the brain, of the skin, lungs, and other organs, in many forms of spasms, 
in attacks of pain, as well as in many febrile states ( febricula , or febris ephe¬ 
mera ) ; a stationary condition, in which the phenomena remain the same for 
long periods of time, without increase or decrease, is not met with in strictly 
speaking morbid processes, but in the so-called morbid states (monstrosities, 
defects, etc.), as, for example, in many paralyses, certain muscular hypertro¬ 
phies, encapsulated parasites, scars, pigmentary deposits, etc. 

The majority of diseases run a definite and generally easily traced 
course, which is either regular or irregular. 

A regular course, extending over days and weeks, is met with in 
numerous surgical and internal diseases, in the apyretic as well as in the 
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pyretic. Besides, among these are some which exhibit periods regularly 
succeeding one another, each period having peculiar characters, the so-called 
typical or rhythmical (cyclical or periodic) diseases, such as many 
apyretic affections (neuralgia, hemorrhage, gout, etc.), and also, and 
especially, certain pyretic diseases (typhus and typhoid fevers, relapsing fever, 
small-pox, measles, scarlatina, common pneumonia, recent intermittent 
fever). Other diseases are only approximatively typical, that is to say, 
their course is on the whole not very regular, or only so during a part of 
their duration, as in many apyretic catarrhal diseases, rheumatism, gout, 
but particularly febrile affections and as many acute catarrhs, tonsillitis, 
acute articular rheumatism, meningitis, pyaemia, erysipelas, etc. There are 
yet other diseases which are non-typical, that is to say they exhibit during 
their course a type which varies according to the severity of the attack, 
while the febrile manifestations show no regularity, or are altogether want¬ 
ing, as in many cases of suppuration, inflammations of the serous mem¬ 
branes, diphtheria, dysentery, phthisis. 

In typical and almost typical diseases we not rarely meet with irregular¬ 
ities, or deviations from the regular course. These depend upon aetiological, 
individual, external, accidental, or therapeutical influences. 

In diseases having a duration of several days, be they regular or not in 
their course, the onset is often most various. Not rarely an individual, 
hitherto perfectly well, is suddenly plunged into a severe complexity of 
symptoms, as happens in cases of wounding and tearing of internal and 
external parts, in certain spasmodic effections (epilepsy), many intoxications 
(by acids, phosphorus), and infections (scarlet fever, small pox), all febrile 
diseases which begin with a chill (pneumonia, tonsillitis, intermittent 
fever, etc.). 

In the majority of cases, however, the disease begins more or less insidi¬ 
ously, and its development is not noticed by the patient. To this category 
belong the majority of non-febrile diseases, and also many febrile affections 
of the mucous and serous membranes, such as catarrhs, pleurisies, rheuma¬ 
tism. The physician finds the greater difficulty in correctly appreciating 
these cases, because the phenomena of onset are in great part or wholly 
obscure. They consist usually in general malaise, prostration, restlessness, 
loss of appetite, sleeplessness, shooting pains in various parts of the body. 
In some cases, even after the most exact observation, the physician finds 
nothing definite on the first and second days. These manifestations, even 
in cases in which the principal morbid process exhibits itself in other parts 
(as in tlie skin in the acute exanthems), are designated as the forerunners, 
or prodromata of the disease ; and the time during which they are observed 
is termed the stadium prodromorum, or the premonitory stage. 

Later on in the course of the disease the various phenomena increase in 
intensity, or new ones appear. The course of a disease but rarely proceeds 
uniformly forward and backward in stated periods of time. This is only 
true of certain febrile affections, especially the acute exanthemata (small¬ 
pox, scarlet fever, measles), in a few other infectious diseases (typhus and 
typhoid fevers, relapsing fever, pyaemia), in a few internal inflammations 
(common primary pneumonia, tonsillitis, cerebi'al meningitis), in intermit¬ 
tent fever ; not at all in chronic diseases, consequently we define a number 
of so-called stages : 

The stage of increase, or of invasion ( stadium incrementi), which 
in febrile diseases is also termed the pyrogenetio stage. 

The stage of highest intensity ( stadium acmes , seu staseos), in febrile 
diseases known also as the Fastigium. 
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The stage of decrease (stadium decrementi ), which in febrile diseases 
at the time of progressive diminution of temperature is called defervescence, 
and may take the shape of crisis, or lysis. 

Between the stages of highest intensity and decrease, in many diseases, 
particularly in severe cases of typhoid fever, pneumonia, acute exanthe¬ 
mata, etc., we meet with an intermediate stage, or stage of indecision, 
which is termed stadium amphiboles. 

By the terms crisis, or resolution, we understand an improvement 
which takes place suddenly, in a few (4-24-3G) hours, and which is accom¬ 
panied by a sudden fall of temperature (from 2° to 5 U C.), and in pulse- 
rate (from 20 to GO beats), and also by the occurrence of sweating, sleep, 
urinary deposits, etc. This is strikingly seen in relapsing fever, croupous 
pneumonia, measles, etc., and in intermittent fever. 

Immediately preceding the improvement there not seldom takes place, in 
many diseases, a short increase in the gravity of the symptoms, the so-called 
perturbatio critica. 

Formerly under the name of crtsts was understood the termination of a disease by 
the excretion of morbid products, and their expulsion from the body. To illustrate, 
it was thought that the opacity of the urine, produced by an excess of urate of soda 
(not a rare occurrence at the crisis time), represented the expelling from the body of 
a substance produced by the disease, the peccant material. This notion is in a 
measure not wholly wrong, as we to-day admit that there are in the secretions sub¬ 
stances produced by deranged metamorphosis during the disease ; but we believe that 
these products are the results, not the causes of the disease ; and that the morbid 
condition does not cease because these are excreted, but that the substances are 
thrown out when the local disease improves. In a word, we to-day employ the word 
crisis rather in a symptomatological waj r , as an expression for certain appearances, 
not in an explanatory sense. 

We speak of lysis, or solution of the disease, if the improvement (falling 
temperature ancl diminishing pulse-rate) lasts longer than two days, and 
yet is completed rapidly and permanently. This is observed in typhoid 
fever, scarlet fever, many catarrhal affections, etc. Occasionally, after all 
these stages have been gone through, the same morbid conditions appear 
afresh. At an early stage this return of disease is called relapse, if it take 
place as a part of the disease, a phenomenon of its normal course (as in 
relapsing fever); if not, it receives the appellation of recurrence. In a 
recurrence of a disease it is possible that not oidy the part previously 
affected be attacked anew, but other parts of the same tissues or organs as 
well, as, for example, in erysipelas, pneumonia, typhoid fever, pleurisy. 
The laity are also in the habit of using the words recurrence and relapse, 
as meaning complications arising out of the original disease. 

All diseases do not, however, exhibit an uniform and stated increase and 
decrease of symptoms. Their course shows fluctuations, and even interrup¬ 
tions. These fluctuations, if they indicate an improvement, are called remis¬ 
sions, and if they consist in an aggravation of the symptoms, exacerba¬ 
tions. These phases are met with in many non-febrile, acute, and chronic 
diseases, and in some febrile affections (many chronic exanthemata, rheu¬ 
matism, catarrhs, etc.). Attacks of illness which return from time to time, 
allowing complete intervals of health, are called periodical (as, for example, 
intermittent fever, epilepsy, nervous asthma, laryngismus stridulus , whoop¬ 
ing cough). The period in which the symptoms make their appearance is 
called the paroxysm, or attack ; the normal interval, if in a febrile disease, 
is denominated apyrkxia, or non-febrile period. 

Tiie intermittent type is sometimes regular and fixed, that is to say, the par¬ 
oxysms return regularly at the same hour every day (as in intermittent fever); 
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sometimes it is irregular and changeable. The latter may occur in two modes. 
Either the paroxysm occurs each time one or more hours earlier than the preceding 
one, the typus intermittens anteponens (as at the beginning of intermittent fever), 
or it makes its appearance later each time, typus intermittens post/ponens (as toward 
the end of intermittent fever). 

In intermittent fever there is always a regular rhythm, including periods of one or 
more days, and which is shortened on each day only by a few hours at the farthest. 
If the attack of fever returns every day we have what is called a QUOTIDIAN rhythm 
or type ; if something like forty-eight hours intervene between the beginning of two 
attacks, so that the fever recurs on the third day, we call it TERTIAN ; if the fever 
returns on the fourth day (interval of 72 hours) it is a quartan. Cases with a more 
lengthened rhythm (up to 28 days) are very rare. 

The word paroxysm is often used when speaking of remittent affections, when it 
is synonymous with exacerbation: in which sense we speak of paroxysms of dyspnoea 
caused by foreign bodies in the larynx, by polypi and croup. We often call paroxysms 
(vernacular, fit) affections which, though not periodic, occur at irregular intervals, as 
hysteria, gout, epilepsy. 

In febrile diseases the following groups, with reference to the course of 
the disease, are distinguishable, though they often shade into one another. 

The short febrile diseases, the so-called attacks of fever (febricula, 
ephemera) which have a duration of two or at the most three days, ending 
in cure, and in which the temperature suddenly rises to 40 2 C. and over, 
and falls quickly, as in surgical and puerperal traumatic fever, in many 
catarrhal affections. 

The continued fever, which usually begins suddenly, is often ushered 
in by a chill, attains in a short time a temperature of 39°-40° C., shows 
small daily variations, and diminishes rapidly after several days, or often 
a fortnight (as in primary croupous pneumonia, scarlet fever, small-pox, 
typhus fever). 

The remittent fever, which resembles the above in many particulars, 
but which usually exhibits a marked fall of temperature in the morning, 
and slowly ceases. 

The intermittent and recurring fever, which shows periods of normal 
temperature between the moderately long paroxysms of fever: which char¬ 
acter is especially well-marked in intermittent fever (ague) and in relapsing 
fever, less well-marked in pyiemia, erysipelas, and measles. 

Chronic fever, which lasts for weeks and months, seldom uninterrupt- 
edly ; usually showing an intermittent or remittent form, as in pulmonary 
phthisis, in cases of internal or external suppuration. 

The majority of febrile diseases only exliibit one type of temperature 
variations; a very few showing several different types, as, for instance, 
intermittent fever, pneumonia, scarlet fever, typhoid fever. 

All the above expressions, the determination of the so-called stages, 
depend exclusively, or in a great measure, upon observations of the course 
and progress of the fever. Such variations, with the exception of isolated 
disturbances of the circulation, are rarely observed in anatomical alterations; 
these increase quite regularly and steadily, seldom with marked changes, 
either exacerbations or remissions, as in acute articular rheumatism, many 
cases of inflammation of the skin and mucous membranes, etc. At certain 
intervals gross changes in the tissues (inflammation or abscess) will, of 
course, occur; but they do not appear externally in so decided a manner. 
Among intermittent diseases there are some which are non-febrile, most of 
them being pure nervous affections, as epilepsy, many forms of pain, mental 
affections. The last-named disease intermits as distinctly, though not in as 
regular a way, as febrile affections, and not rarely we can predict the week 
and day of recurrence. 
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Haemorrhages, next to fevers and spasmodic affections, exhibit a degree 
of regularity in their return: as haemorrhage from the rectum, the lungs. 
The haemorrhoidal llux is very apt, like menstruation, to assume a four- 
weeks’ type. Gout exhibits, with tolerably clear intermissions, a tendency 
to recur in periods of one or two years, and oftener afterward. 

It is at present impossible to give an explanation of these mysterious phenomena. 
In the case of haemorrhage and gout it may be assumed that something having been 
discharged from the body during the attack, a rest will naturally ensue until the 
substance shall have accumulated anew. Epileptic and neuralgic outbreaks may also 
be looked upon as the relief of a tension, or as a discharge, though matters are not 
made clearer by this explanation. The well-marked rhythm of paroxysms of fever 
is also beyond our comprehension. 

TERMINATION OF DISEASES. 

Diseases may terminate in one of three ways:— 

1st. By a complete return to the normal state— cure or recovery. 

2d. Incomplete recovery ; or the change into new morbid conditions— 
SECONDARY DISEASES. 

3d. In death. 


I. TERMINATION OF DISEASES BY CURE. 

Complete recovery is usually heralded by the so-called period of conva¬ 
lescence, a period without definite limits, in which, though a degree of 
well-being has returned, greater or lesser weakness and sensibility to exter¬ 
nal influences remain. It is after severe acute diseases that the manifesta¬ 
tions of convalescence are most clearly marked. The general sensations 
(gemeingefuld) of the patient are better, his disposition is hopeful and 
joyful. The animal appetites are aroused, but longing for food is chiefly 
shown. This want is justified, and nutritious food, appropriate to the 
power of digestion, should be furnished. After too hearty meals, or other 
errors in diet, the tongue easily becomes coated, or red and dry. Occasion¬ 
ally a slight fever makes its appearance during digestion. The intestinal 
evacuations are sometimes normal, sometimes constipated or free. The 
sexual desires are heightened, pollutions are frequent, and a tendency to 
onanism is occasionally observed. The other phenomena are those of 
amemia. The heart, as a rule, beats slowly, though, at evening especially, 
the pulse-rate may rise because of slight exertion. The distribution of 
blood is at times abnormal, as is shown by sudden changes in the color of 
the face. Kespiration is free, but easily made more frequent by the slightest 
movement. The temperature of the skin is normal, exhibiting the usual 
daily variations; but it rises easily in consequence of various external 
influences, little errors of diet, etc.; variations much greater and more 
easily produced than those observed in health. The skin is uniformly 
warm, though liable to sweating and refrigeration; especially the feet are 
liable to become cold on first rising. The color is pale; and at times the 
epidermis comes off, even when no eruption has existed. The hair falls out, 
especially after typhoid fever, small-pox, severe puerperal fever, and also 
after other serious diseases, and even after diseases of moderate gravity. 
The subcutaneous connective tissue is devoid of fat. The muscles tremble 
after even slight exertions; they are in a state of mal-nutrition, and partly 
atrophied. The capacity for thought is diminished. The special senses are 
sensitive; after reading a short time, or after any small exertion, headache 
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appears. Sleep is in general good, although the patient is disturbed by- 
slight causes. 

Convalescence, as a rule, lasts a long time after most acute general dis¬ 
eases, after all diseases attended with high fever, large exudations, luemor- 
rhage, and suppuration. After typhoid fever, variola, scarlatina, many sur¬ 
gical diseases, etc., weeks and even months elapse before the patient regains 
his previous condition of nutrition, muscular and nervous power. 

llow does i-ecovery take place ? By what means are lesions made to dis¬ 
appear ? Is there a natural cure, and an artificial cure ? Is the patient 
cured by the physician, or does he, as it is commonly expressed, get well of 
himself? 

First of all, it is a fact that a great many disorders disappear or at least 
may disappear, without the interference of the physician ; this is the natural 
cure. 

That many affections, particularly disorders of circulation and the slighter 
disturbances of nuti'ition, readily subside when their causes are removed, 
depends partly upon the fact that the body contains a great number of regu¬ 
lating and compensatory contri vances. The last are probably present in all 
systems, and are in part purely physiological, in part pathological. For 
example, if the external temperature rise, so that more water than before 
is thrown off from the skin and the lungs to the air, the amount of other 
excretions, the urine in particular, is thereby diminished. If the atmos¬ 
pheric temperature falls, the cooler air takes up less water from the surface 
of the body, this diminished evaporation of water is equipoised by an abun¬ 
dant flow of urine. In consequence, the amount of water in the body 
remains the same in either case. 

We have in this connection three great groups to consider, which are dis¬ 
tinguished from one another by the mode of union and the dependence of 
their elementary parts: the nerves, the blood and the glands, and the tis¬ 
sues in so far as they are contiguous. 

Compensations in the nervous system ensue either through nutrition, or 
by the transfer of the disorder to some other part. If a nerve be affected, 
and it begin to undergo the change from the pathological to the normal 
state, it may be, in the first place, that a stage of tranquillity and exhaus¬ 
tion succeeds that of irritation, just as in sleep, as if by a simple resting 
(recuperation) of the nerves. Or, it may be that through counter-irritation, 
that is through a new and stronger disorder, the interior movement of the 
tissue is increased, an increased metamorphosis is brought about. We see 
the same thing in exhaustion of the nervous system under the influence of 
irritating and exciting agents (wine for example). Or, it may lie that the 
return of nerves to the normal state is brought about by a kind of satura¬ 
tion, similar to what occurs in health during the fasting state, in which 
more nutritious material is carried to the exhausted diseased nerves. In 
all these cases we have to deal with a greater tissue-change, whereby more 
old (effete) material is removed, and more fresh material added than before. 

It is easy to refer to many compensations in the nervous system ; some disorders of 
the nervous system become neutralized because the excitation as it extends from part 
to part is gradually exhausted by the resistance it encounters. For example, one 
can easily conceive the termination of an epileptic or hysteric convulsive attack. In 
many other cases the transition takes place with great irregularity, because different 
parts are differently irritable, and ganglia are interposed along the various paths. 
These not only cause changes in the direction of impulses, but also quantitative 
variations, increase or decrease. 

After section of many nerves the function abolished by the operation returns 
without any reunion of the nerve ; for example, as after the section of the splanchnic 
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nerve. The exact conditions of the restoration are unknown. In brain-injuries 
improvement may possibly be brought about by the assumption, by parts adjoining 
the lesion, of the properties of centrifugal fibres. 

Compensations in the blood take place less in the blood itself than in 
those organs in which metamorphosis is most active ; the glands for example. 

A fault in the composition of the blood may affect the whole fluid, or, 
being partial, may involve the blood-corpuscles, the dissolved constituents 
(albumen, fats, salts). The repair is brought about by a limitation of the 
waste, or, as in convalescence, by the acquisition of new elements from the 
blood-preparing or assimilative organs. Increased consumption of blood 
elements in disease depends mainly upon the amount and extent of the local 
disorder, and upon the height and duration of the fever. The larger the ex¬ 
udation, the more degenerative processes or even haemorrhages take place, 
and consequently the greater will be the diminution of the blood elements, 
especially the blood-corpuscles. 

When the local process has proceeded only to a moderate extent, the im¬ 
poverishment of the biood is easily compensated by the addition of new ele¬ 
ments, providing the digestive and absorbing organs be in good condition. 
The restoration proceeds in part from the direct absorption of food intro¬ 
duced into the stomach and intestines (water, albumen, salts, fat), in a lesser 
degree by the resorption of substances stored away in the body (fat), and 
lastly, by the production of new histogenetic elements (blood-corpuscles) in 
the haematopoietic apparatuses (spleen, lymphatic glands, etc.). 

A defect by excess in the constitution of the blood may not be simply a 
quantitative one, by the too great abundance of a normal ingredient, but 
may also be qualitative by the addition of a foreign element. The means 
of equalization are the same in either case. The superfluous substance is 
destroyed in the vascular system, often by oxidation or by reduction, or it 
is thrown out by the kidneys (bile-pigment), or by the skin or digestive 
tract (ui-ic acid in gout, urea in many kidney diseases). 

In this sense the old Hippocratic doctrine of critical excretions and critical local¬ 
izations has its justification, as well as the idea of blood-purification. It is even 
possible to defend in this sense the designation of blood-purifying remedies, in so 
far as these remedies specially increase excretion, and thus bring about the separa¬ 
tion (depuration) of certain substances from the blood. 

It is not that all such excretion and separation of substances from the 
blood have a beneficial effect upon the course of disease ; they often, on the 
contrary, become themselves the cause of new disorders. The pathological 
alterations of a part often directly become causes of new attractions and 
relations, and the organ thereby comes to play the part of an excretory 
organ for substances which were previously foreign to the part. 

Compensations in tissues take place in two different ways. 

If the tissues be filled with foreign substances, these may be removed by 
reflex movements (sneezing, coughing), by increased secretion (as in the 
nose, aerial passages, tear-ducts), or by and through the blood and lymphatic 
vessels (as serum, the colorless blood-corpuscles, and in part, also, the red 
corpuscles, foreign bodies deposited in the tissues, as dust, etc.). In this 
way many disorders of circulation and many inflammatory affections are 
cured. 

At other times a true restoration is only brought about by the complex 
way of nutrition. The altered parts must not only be removed gradually, 
but must be replaced by new ones (muscular fibres, nerve-fibres, epithelium, 
glandular tissue). 
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Not rarely individual elements of tissues are wholly destroyed by the 
alterations which they experience. This does not always cause a cavity in 
the tissue. The cavities which may be formed are often gradually replaced 
by new tissue. This takes place very rapidly in epithelial structures, 
where the waste is usually a great one, and where pre-existing elements 
come up to replace the loss. In the deeper parts the restoration is so 
much the more difficult in proportion to the delicacy of the organization 
and the complexity of structure of the part. We know, for example, that 
the external skin and mucous membranes, with their glandular apparatus, 
are never wholly reproduced ; and that in the place of the lost tissue a 
connective-tissue formation, having the characters of a scar, appears. 

Particularly important for the organism as a whole, sometimes easy and 
sometimes difficult of explanation, is the neutralization of disease by the 
participation of organs bearing a relation to the organ first affected ; the 
formation of a collateral circulation, the formation of connective tissue 
around foreign bodies, even parasites; the thickening of one of the bones 
of the forearm or leg after the excision of the other; the hypertrophy of 
one kidney when the other is atrophied or diseased ; the hypertrophy 
of the left ventricle in insufficiency of the aortic valves ; the hypertrophy 
of the right ventricle in various disturbances of circulation in the lungs, in 
disorder of the left ostium venosum ’ the hypertrophy of organic muscular 
fibi-es in impaired calibre of affected hollow viscera, etc. 

The more developed the nervous activity, the more free the circulation, 
the more intimate the normal combinations and connections of the 
anatomical elements, the more easy and complete the possible neutraliza¬ 
tion or natural cure of lesions will be. Natural or spontaneous cure, if we 
speak of it in the abstract, takes place only through physiological processes 
and through certain necessary ways. 

Predisposition, plays some part in lesions of parts, and in the matter of 
compensation. A predisposition of a part to the starting of alterations 
shows that there already existed something morbid. It depends upon a 
degree of departure from the normal composition, which we do not, to be 
sure, recognize as a state of itself, but one by which the elementary parts 
are made of more unstable composition, and their destruction through 
retrograde metamorphosis made easy. The predisposition of a part to 
disease is in part congenital and inherited, in part developed by preceding 
morbid changes. For the abolition of predisposition the best means is 
physiological exercise, not merely of the part itself, but of all which are in 
relation with it. 

Here habit, tolerance, and acclimation play parts. Through exercise, 
that is through repeated activities of a part, the operations of certain 
modes of activity are facilitated, which in their turn make the more rapid 
occurrence of equalization possible. Through the habit of certain influ¬ 
ences, which coincides with a dulling of irritability, the operation of cer¬ 
tain activities is retarded. Consequently, habit protects in a different way 
from exercise, by preventing the commencement of lesions. Acclimation 
acts in the same way. 

In addition to tire healing of nature (spontaneous cure), is there an arti¬ 
ficial cure V This is a most important question for the physician, one 
which is before him all his life. 

The answer to this question must in general terms depend upon the 
means which the physician has in his hands. It is to be remembered that 
these means must remain within the limits of physiological possibilities ; that 
is, that they can only operate in the manner and directions which have been 
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indicated above. Artificial healing is not, in principle, at all opposed to 
natural healing. Sincere and enlightened physicians in all ages have always 
acknowledged that they were only the servants of nature, ministri natural. 
The problem of the physician consists in weakening and abolishing the pre- 
disposition, and in facilitating the neutralization of alterations which have 
already begun. The physician can, at any rate, do in both directions what 
would be done with difficulty or not at all without his interference; he can 
bring about many things in an artificial way which “ nature ” would not cause. 
The physician often makes use of more quickly-acting remedies than nature 
has at her disposal; he burns, ties, cuts away, enlarges narrow places, etc. 
Though this appears contrary to natural processes, yet it is not so in reality, 
since the same is seen, though much more slowly, in the extrusion of foreign 
bodies, the isolation of pieces of dead bone, etc. It not rarely is in the physi¬ 
cian’s power to decide whether he shall interfere forcibly or let things take 
their own course. In internal diseases analogous conditions are present: 
we can often, by means of expectorants, emetics, laxatives, etc., quickly 
bring about that which might otherwise have endangered life by occurring 
slowly. The use of cold, in the various forms of cold applications, sitz- 
baths, complete baths, etc., furnishes us with a means of reducing dan¬ 
gerously high temperature of an external or internal part, or of the whole 
body, by one or several degrees. And, further, operations upon the ner¬ 
vous system afford most excellent opportunities for the physician : he can 
bring about an early resolution of tension in the nervous system (by means 
of morphia, digitalis, bleeding, derivatives), he can so act upon nerves as 
to stimulate or paralyze them (acting upon the pupil by means of belladonna 
and Calabar bean, upon the cardiac nerves by digitalis, etc., and upon the 
vascular nerves by means of nitrite of amyl), he often can make irregular 
movements of the heart again regular (digitalis), etc. It is also possible to 
act upon the blood, as we can directly furnish materials for hannatosis, and 
we can so regulate diet as to provide in abundance the ingredients needed 
by each individual case. Even upon the reconstitution of tissues we can in 
many ways exert a direct influence: by agents which facilitate resorption ; 
by caustics, astringents, transplantations. The physician should regulate 
the external conditions and influences which operate upon the morbid state, 
he can set new external conditions in action, which without his interference 
would not come into play at all. In the special treatment of lesions it can¬ 
not be said that there is a blind experimenting with means; this would be 
neither in the interest of science, nor in that of the patient. The medical 
man has enough to do, if he makes use of earlier experience with due con¬ 
sideration, and every therapeutist who clings to the laws of natural science, 
and does not venture beyond the facts, must acknowledge himself to be a 
rational empiric in the treatment of disease. Pure empirics, that is, those 
who treat disease by past experience, without judgment in reality, do not 
exist. For, accurate conclusions are drawn even by the roughest analogy 
from the immediate exhibition of medicines. He who reflects, who takes 
one, two, tln'ee, or more circumstances into consideration, instead of one, 
when seeking an analogy, usually treats rightly. 

Artificial healing is therefore not wholly identical with natural healing, 
but neither is it opposed to it. Artificial healing makes use of the ten¬ 
dencies and forces present in the body, and through them, by the help of 
more favorable circumstances, artificially produced, brings to pass the pos¬ 
sible neutralization of lesions. 


(Sec Virchow, Allg. Pathol., pp. 15-25.) 
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II. TERMINATION OF DISEASE IN INCOMPLETE CURE — SECONDARY DISEASES. 

A cure is said to be incomplete when there still exists a tendency to dis¬ 
ease. It is not possible to indicate with precision the conditions upon 
which this predisposition depends; it must be upon changes in form and 
composition of parts; but such minute ones that they have, up to this time, 
escaped our means of investigation. We more particularly meet this pre¬ 
disposition after many inflammations of the skin, mucous membranes, the 
tonsils, lungs, and joints. 

Contrarily, in many diseases a predisposition to recurrence is destroyed 
by a first attack, sometimes for a time, sometimes forever. This is more 
especially the case in infectious diseases, shown in the most striking manner 
in yellow fever, typhoid fever, small-pox, scarlet fever, measles. It is at 
the present time quite impossible to explain these facts. 

Incomplete cure is distinguished from secondai-y affections by its being 
a remains of certain morbid conditions, whereas the latter consist of new 
morbid processes. Such conditions, which are not always referrible to dis¬ 
tinct anatomical lesions, are, for example, paralysis of the extremities or 
of individual muscles ; others, which do depend upon special anatomical con¬ 
ditions, are dislocations of bones, distortion of the skin, narrowing of canals 
by scars, twisting of the intestines by unnatural fixation of its serous coat; 
or others, which are partly anatomical and chemical processes, such as dis¬ 
orders of gastric or intestinal digestion, disposition to fluxes, etc. Or else, 
an entire organ, a limb, is and remains destroyed, as after ulcerative pro¬ 
cesses, after gangrene, etc. 

The conception of secondary affections is like the majority of medical 
conceptions, not easily made out in practice. For instance, secondary affec¬ 
tions are often confounded with what are called complications, that is to 
say, a succession of morbid processes, each one of which depends upon the 
others. In articular rheumatism we meet with inflammation of the peri¬ 
cardium, or endocardium, in about one-third of all cases. If this take place 
at the same time as the rheumatic attack, and if the physician discover it, 
he says that the rheumatism is in that particular case complicated with peri- 
or endocarditis. Often, however, the signs of the cardiac inflammation are 
indistinct or unnoticed during the attack of rheumatism, and it is only after 
the ceasing of the rheumatism that the cardiac lesion is made out, in which 
case it is customary to speak of the heart-disease as a secondary affection. 

When we speak of secondary affections, we must make sure that there be 
a causal relation between the first and second diseases. Definite anatomical 
alterations must remain of the first disease, even though they produce no 
symptoms, or if the symptoms of the second disease are overlooked during 
the course of the first. In this sense pulmonary phthisis is not seldom a 
disease secondary to measles, habitual diarrhoea or constipation secondary to 
dysentery, etc. 

Furthermore, a number of the processes termed metastatic belong to this 
category. In former times, by metastasis was understood the transposition 
of mctteries morbi from one part of the body to another. Most usually is 
this use of the term now restricted to the transfer of erysipelatous inflamma¬ 
tion of the skin to the membranes of the brain, the swelling of the epididy¬ 
mis at the same time with cessation of the gonorrhoeal discharge, the occur¬ 
rence of inflammatory swelling of the testicle simultaneously with diminu¬ 
tion of a parotid inflammation, the setting up of a cardiac or pericardial 
inflammation at the same time with the cessation of rheumatic joint-inflam¬ 
mation, the so-called metastatic inflammation in pysemia. 
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III. TERMINATION OF DISEASE BY DEATH (THANATOLOGY). 

Death is the suspension of tissue metamorphosis, its characteristic symp¬ 
tom is the cessation of the functions. It is necessary to distinguish local 
death, the death of a single organ, from general death. Even in general 
death the decease of individual j>arts of the body does not follow at one 
blow, but takes place successively. If the function of an organ or part 
is very important, we are soon made aware of its death ; the death of the 
brain and heart is instantly recognized, while the loss of a kidney is ascer¬ 
tained only at the post mortem examination of the body, the death of the 
hair in typhoid fever first becomes noticeable during convalescence. 

We still frequently hear it stated that one of the signs of death is that the 
dead parts undergo putrefaction, resolving themselves into simpler compounds ; but 
this is in reality one of the consequences of death. This supposed character is, 
furthermore, not invariably present, as the bones and teeth are but slightly changed 
chemically in death ; and besides, a nerve which is cut in the living subject is dead, 
and yet does not undergo decomposition. The cessation of life alone is not sufficient 
to burst the bond which holds the elements together in complex atoms ; there must 
need be an impetus from without, that of heat, moisture, fungi, etc. And it is true 
that, as a rule, these do not fail, and we consequently have putrefaction as a sign of 
irrecoverable loss of life. 

The transition from life to death may take place with absolute sudden¬ 
ness. In this strict sense death takes place only by lightning, sunstroke, 
bruising or lacerating, gunshot wounds, during birth and confinement, dur¬ 
ing severe operations, in many conditions of intoxication, and in certain 
enormous internal haemorrhages (apoplexia fulminans ); and this even in 
persons previously sound. In such cases it is noticed that the attitude of 
the body and the facial expression are just as they were in the last moments 
of life, as is testified by the bodies of suicides, and the bodies remaining 
upon the battle-field. In weakened persons, in convalescents from pro¬ 
longed severe diseases, in certain diseases of the heart and brain, a similarly 
sudden mode of death has been observed. 

In the vast majority of cases, however, death ensues in a more or less gradual 
manner ; certain signs precede its occurrence, and foretell its approach. The 
stage in which these signs occur is called the agony or death-struggle. It is 
called a struggle because it sometimes takes place with symptoms of excite¬ 
ment, chiefly attacks of pain and spasms, and because it is intended thereby 
to designate in a poetical way the mutiny of the vital principle against 
impending annihilation. However, death not seldom comes quietly and 
noiselessly; it is the sleep of death, so common in very aged individuals. 
The strength of the body bears no relation to the kind of agony; the 
strongest subject of apoplexy slumbers unnoticed into death, while the 
most emaciated consumptive may struggle for days before terminating his 
existence. 

The phenomena of agony are in nearly all cases made up of the symptoms 
proper to the disease which has caused the cessation of life, and of signs of 
progressive paralysis of the nervous and muscular systems. If palsy was 
previously present, it remains; or, if the disease was characterized by 
symptoms of irritation, these gradually subside. The mental faculties are 
usually diminished or suspended. The moribund, except in those rare 
cases in which consciousness is retained, is wholly indifferent to all his sur¬ 
roundings. Most usually consciousness is lost; sometimes it returns in the 
last moments, and there is relative quiet after pre-existing pain, etc., signs 
which are claimed to constitute the physical pleasure of the dying— 
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scenes which novelists and excitable relatives always relate with many ex¬ 
aggerations (the last words of the dying, the so-called ecstasy, or vaticinatio 
vwrientium). The unprejudiced observer sees in the quietude the progress 
of paralysis, the commencing loss of muscular tonus. 

The various apparatuses die in a definite, somewhat regular succession. 

If consciousness is preserved, the senses survive. The sense of smell 
and taste are the first to fail; then usually follows sight, and the dying per¬ 
son not unfrequently complains of seeing fog, or calls for light. The acous¬ 
tic apparatus is still impressed by sounds when vision is quite dark, and 
it is because of this that the persons present around the death-bed must be 
warned against making indiscreet manifestations. The sense of touch is 
sometimes soon diminished, and sometimes it is the last to wholly dis¬ 
appear, as the irritability of the conjunctiva for example. The dying not 
rarely feel the cold which is creeping up from below over the body. 

Of the muscles, the external ones are the first to lo.se their property of 
responding to the will; movements are tremulous, rather feebly convulsive; 
sometimes more or less generalized muscular contractions occur without 
producing any tension of tendons or movements of limbs; the body 
slides downward in the bed, the limbs, in accordance with gravity, fall like 
lead when raised up and let go ; the facial lineaments are haggard, the lower 
jaw droops, the eyelids fall down over the eyes without covering them 
wholly, the axes of the eyes are parallel, the pupils usually small, though 
becoming very large just before death ; the conjunctive are reddened during 
a prolonged agony ; the eyeballs are no longer fixed, the cornea becomes 
lustreless and flaccid; the temples sink down; the nose becomes pointed 
and appears elongated ; the outlines of the jaws become more evident 
through the limp muscles ; the chin appears more pointed and projected; 
the lips are dry ; the face yellowish, at times bluish, cool, often covered 
with cold, clammy sweat— Ave have the facies Hippocratica. 

The breathing becomes slow, infrequent, and laborious, the respiratory 
movements are for the most part dissimilar, so that several superficial 
movements follow' a deep one ; shortly before death they become still more 
rare, and, with the exception of a few movements of hiccough, and of sigh¬ 
ing, are very easy. Nearly always the bronchial tubes are filled Avith 
mucus, which cannot be expelled by cough ; and Ave have at the end audi¬ 
ble rales (the so-called death-rattle). The throat is Avidely open, and the 
oesophagus paralyzed, so that beverages fall into the stomach Avith a rumbling 
noise. The sphincters resist but feebly, and are easily overpoAvered by the 
muscles of the viscera Avliich are only relatively powerful, so that involun¬ 
tary evacuations of fteces and urine in the bed are quite common. Much 
more seldom there occurs lachrymation, or an emission of semen or prostatic 
fluid. 

The contractions of the heart become unequal to the persisting tonus 
of the arteries; the arteries are less and less filled, the pulse becomes 
small, frequent, and at last imperceptible. In consequence, the entire skin 
loses its redness and turgescence ; the face especially becomes suddenly or 
gradually blanched, showing sometimes a tinge of yellow, except in case 
of disorder in the lesser circulation, wdien it is usually bluish ; the sebaceous 
follicles are prominent; the hair and nails appear elongated. The visible 
mucous membranes usually are of the same tint as the face. In fever- 
patients the temperature often rises by .5° or 1° C. during the agony. In 
many cases the elev'ation is sudden and very great, especially in numerous 
cerebral and infectious diseases. In these cases it is also not rarely ob¬ 
served that during a feAv minutes, a quarter of an hour, or even an hour 
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after the last breath, the mercury rises several tenths of a degree. At the 
same time the end of the nose and ears, as well as the hands and feet, 
usually feel cold. The contrary is observed in those cases in which the 
patient, affected with a pyretic or apyretic disease, exhibits in the agony a 
fall of temperature of 1° 0., or more, below the normal. This is, for example, 
the rule in cholera, after severe lnemorrhage, in death by inanition. 

An exact knowledge of the symptoms of the agony has not merely a theoretical 
hut a practical value ; enabling the physician to inform the relatives of the approach 
of certain death ; to stop the giving of medicaments proper, with the exception, under 
peculiar circumstances, of anaesthetics (euthanasia) ; in Catholic countries to notify 
the priest; and also to make preparations for the performance of operations (the 
Cesarean section for example). 

It is difficult for the physician to state with precision the exact moment when 
death takes place. Usually a last breath is seen, consisting naturally of an expiration, 
and this is considered the end of life. But sometimes the respirations are toward the last 
most irregular, so that often after what seems the last respiration there occurs another 
noisy and groan-like, one-half to two minutes later; and even after this truly last breath 
signs of life are observed in other organs. If we open the chest of animals immedi¬ 
ately after death, the heart is seen beating spontaneously. (The experiments of an 
English Committee showed that in asphyxia produced in dogs by the introduction of 
a tube in the trachea, the cardiac contractions lasted as long as three minutes fifteen 
seconds after the last respiration.) The arteries, before they collapse forever, drive 
the blood into the veins ; in them and in the cavities of the heart where the blood 
accumulates the more, the longer the agony lasts and the more slowly muscular 
power fails, the fibrin coagulates. The How of lymph may last one hour or more 
after death (Bidder, Lesseri. The muscles respond to electricity (vide infra ); and 
if artificial respiration be performed in asphyxiated animals, voluntary movements 
return. If the abdominal cavity be opened, the muscular apparatus of the intestines 
contracts spontaneously, or by means of electricity, for several hours after death. 
That in the peripheral nerves the proper electric nerve-force survives awhile, is shown 
by the discoveiy of facts upon dead animals. 

As long as manifestations of activity take place spontaneously, or can be 
artificially provoked, death is not general, and a general revivification is 
not impossible. If we define death as the definitive suspension of all vital 
manifestations, we must allow between the last breath and the total and 
irretrievable cessation of irritability an interval of time, during which life 
does not manifest itself by any phenomena appreciable to our senses, and 
in which we are to suspend judgment upon the question whether the sub¬ 
ject. belongs to the living or the dead. If a sick person has exhibited all 
the above described signs of agony, it can be safely said that after the last 
breath the rest of the organism will soon wholly die. Hie cardiac contrac¬ 
tions soon cease after breathing has been arrested, and then there is natur¬ 
ally a stoppage in the transport of oxygen to the tissues, to whose activity 
this gas is indispensable. 

Josat ( Sur lamort et ses caracteres, 1854) calls this passage of life into absolute 
death mart interjnediaire , and describes several cases in which it was prolonged as 
long as twelve hours. According to von Hasselt (Die Lchre vom. Tode und Scheintode , 
I., 1802) many cases of apparent death belong to this class of phenomena. 

By the term apparent death we understand a condition in which all 
manifestations of life, if not altogether absent, are so reduced to a minimum 
that the affected person bears a most extraordinary resemblance to a corpse. 
It is only by careful observations that there are discovered a slight inspira¬ 
tion, a feeble cardiac contraction, a hardly noticeable and transitory muscu¬ 
lar contraction, especially about the face, eyes, and lips. Consciousness and 
sensibility, and even animal heat, are hardly or not at all recognizable, and 
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the sense of audition alone is sometimes normal. This deathlike state may 
endure for hours and days. The possibility that a minimum of vitality will 
suffice to prevent the decomposition of organic matter, we see in plants 
during the winter time, in the pupa state of insects; most marked, however 
in hibernating animals. 

The following varieties of apparent death have been defined in accord¬ 
ance with causes : 

1. Appai-ent death in consequence of internal morbid states: deep syn¬ 
cope after extreme fatigue from long marches, after extremely severe labor, 
rarely after prolonged hunger (shipwrecked and insane persons); severe 
spasmodic, hysterical, epileptic, and eclamptic seizures; catalepsy and 
lethargy; the aspliyxial form of Asiatic cholera—many forms of yellow 
fever, the plague, typhoid fever; tetanus; convulsions in children; pro¬ 
longed paroxysms of nervous asthma, and angina pectoris. 

2. Apparent death from external impressions: extensive and severe con¬ 
tusions after corporeal punishment; a high degree of concussion of the 
brain, especially after powder explosions; severe or numerous wounds, 
particularly those accompanied by much shock or great loss of blood ; fre¬ 
quently after severe haemorrhages, in puerperal women and small children. 

3. Apparent death from specific causes: apparent death from breathing 
irrespirable gases ; apparent death of the newly born ; apparent death from 
drunkenness, hanging, and strangulation, from freezing, from rarefaction of 
the air, from compression, or from burial under earth, from foreign bodies 
in the mouth or pharynx ; apparent death from lightning-stroke, from heat, 
from narcotic intoxication (opium, hydrocyanic acid, chloroform, volatile 
carbon compounds). Occasionally several of these causes co-operate. 

The lesser grades of apparent death, those in which consciousness is preserved while 
the ability to perform movements is suspended, are seldom met with ; they are most 
frequent after poisoning with curare, nicotin, chloroform, protoxide of carbon. 

The apparent death of the newly born ( mvphyxia neonatorum ) is of the greatest 
practical importance. Schui.TZE defines this condition as an asphyxia of the child 
born living, one developed in the uterus, and one which may be interrupted, not 
leading inevitably to a fatal termination. The causes of this condition, produced by 
asphyxia, by impeded placental respiration, are partly in the foetus, partly in the 
maternal organism ; among the principal are : premature separation of the placenta, 
compression of the umbilical cord, haemorrhage, pressure on the brain; of less im¬ 
portance, are : too long duration of labor after the escape of the waters, too long 
duration of individual pains, too short intervals between pains, spasm of the uterus, 
haemorrhage on the mother’s part, apparent death of the mother. Some children, ap¬ 
parently born dead, show a turgid, purplish skin, injected and often protruding eye¬ 
balls, their muscles are inactive though their tonus is but little or not at all diminished, 
the vessels of the cord stand out full of blood, the umbilical arterial pulse is more or 
less slow, usually full. Others exhibit a pale, faded skin, relaxed muscles (hanging 
down of the lower jaw and the limbs, palsied anus), the umbilical vessels are narrow, 
their pulse small, infrequent, or altogether wanting. In the first defined class the 
respiration usually is absent, in the second it is usually present, though rare and 
jerking. The former are called apoplectic, the latter anaemic apparent deaths. 

(Compare B. S. Sciiuetze, Der Scheintod Neugeborener, 1871). 

Apparent death is of especial interest, because of the possibility of the 
subjects of it being buried alive. This occurrence is possible with early 
burials (in some countries six hours, in others twenty-four hours after 
death), and when the verification of the death is neglected or carelessly 
made. 

The dread of being buried alive is based first upon a series of cases, in 
which patients, considered as dead, have come to themselves just previous 
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to interment; second upon the fact that individuals condemned to die by 
hanging have come back to life after execution ; and lastly upon the facts 
that supposed corpses have shown signs of life after the commencement of 
an autopsy, and that women have shown such signs after the Caesarean sec¬ 
tion. 

The greater number of cases of burial alive are not well established, and 
the various circumstances brought forward as proofs of the fact can be 
otherwise explained ; this being true of the unnatural position of the corpse 
in the coffin, noises heard in the vault, mutilation of the fingers, apparent 
growth of hair, etc. It would seem that bond-Jide cases of this kind are 
vei*y rare. 

The dread of being buried alive is an awful one, and yet there is in truth but 
little basis for the fear. This is not because of official verification of the signs of 
death, etc., for that is very imperfectly carried out in cities, and particularly in the 
country ; but because the cases are rare. The subjects are usually newly born chil¬ 
dren, drunken, or hanged men, or it occurs in cases which have, previous to the ap¬ 
pearance of seeming death, surprised physicians and laymen by their remarkable 
symptoms. It is chiefly among women of hysterical, insane, cataleptic disposition 
that we meet with cases in which the subjects can lie for one or even two weeks exhib¬ 
iting a cold, pale skin, rather fixed eyeballs, hardly perceptible pulse, very faint 
cardiac sounds, and hardly recognizable respiratory movements. Frequently in such 
cases the consciousness and hearing are intact, the patients feel their painful situa¬ 
tion, but are unable to give any manifestation of activity ; remembering afterward 
all that transpired round about them. Such cases undoubtedly do occur, but the 
number of those worthy of credit is very small (Skoda, Zeitscler. d. Gesell ., d. Wiener 
Aerzte, VIII., p. 404; Rosenthal, Wien. med. Jahrb. . 1872, p. 397. Compare also 
the cases collected, the majority without criticism, by Bkuhiek, Fontenelle, 
Bouciiut, Briquet). 

The measures for the prevention of premature burial are : the prohibiting of early 
interments (usually, not sooner than seventy-two hours after death), careful watch¬ 
ing of the body in the room where it lies before burial, or in dead-houses; and where 
this cannot be done, obligatory inspection of the corpse, or obligatory autopsies. 

(Compare besides von Hasselt, Gust, le Bon, I)e la mort apparente et dee inhu¬ 
mations prematurees, 18(»G. Fauiie, in Archives generates, 1869, Janvier.) 

The means of distinguishing apparent from real death, and which may 
also serve in part as attempts at resuscitation, are the following : 

The respiratory and cardiac movements continue in a very feeble way in 
apparent death, not at all in real death. Great reduction of these move¬ 
ments also occurs in deep morbid sleep and in syncope. 

In order to demonstrate the breathing, we hold a down feather or a light 
before the nasal apertures, or we place a small glass containing water upon 
the epigastrium, and observe the oscillations of the fluid, or we hold a cooled 
mirror before the mouth and observe if its polish be tarnished. These 
tests are, however, by no means absolutely certain. 

In order to observe the cardiac movements auscultation of the heart for 
several minutes is to be recommended. In a number of cases of syncope, 
asypliyxia of the newly born, cholera, etc., this yields a negative result, 
and yet restoration takes place. Besides, it should be remembered, that 
in the living the cardiac movements may be interrupted for a short time 
by artificial means; or, by acupuncture of the heart’s apex we note whether 
any movement be communicated to the needle ; or, lastly, we try to ascer¬ 
tain whether the circulation continues in the arteries or veins. 

(Middeldorpf’s Akidopeirastik, ZdtscJi. f. klin. Med., 1856, VII. Prag. Vicrtcl- 
jahrs., 1857, III.) 

We are not to place too much reliance upon the failure of the arterial pulse, for 
this sometimes occurs during the agony while the circulation is still active ; the 
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sphygmograph might be used to give surer indications of a remains of arterial con¬ 
traction. Danis (B'un signe certain et immediat de la mart reelle , 1809) claims that 
the emptiness of the arteries is an infallible criterion of death, and proposes as the 
best means of determining this, the exposing and dividing of the temporal artery. 

It is well in such cases of suspected false death to place a ligature firmly on a 
limb, when, if the death be real, no turgescence of the veins will ensue; and if the 
veins are then opened no blood, or only a few drops, escape. As regards venesection, 
it is a means of secondary value, as the flow of blood may also cease in simple syn¬ 
cope. It is well in all cases to put on ligatures after venesection ; remembering, 
however, that in corpses the development of gas may then force out a small amount 
of blood. Magnus ( Virchow's Archiv, 1872, LV., p. 511), advises that a finger should 
be tightly bound with a thread; in apparent death a slight redness appears in the 
whole of that part which is beyond the thread, while in real death no such effect 
ensues. Punctures may be made in parts where the small vessels have thin cover¬ 
ings, the lips or tongue, and the escape of a few small drops of blood is a sure (?) 
sign of apparent death. • 


Muscular irritability is excited by irritating sensitive nerves ; by pow- . 
erful light, by sternutatories, tickling of the nose, of the skin, burning 
(mustard preparations, blisters, dropping of hot sealing-wax, of hot water, 
application of the actual cautery), sprinkling with cold water, rubbing of 
the entire body, particularly of the back, to excite respiratory movements. 
The most certain means consists in the examination of the electrical excita¬ 
bility of the muscles and nerves; this disappearing, according to recent 
investigations, in from one and a half to three hours after death. 


Electricity has been long known and used as a means of testing for real death. 
Compare Nicolas, Bexar, xaporibus mephil., etc., 1781. Kite, Ueber v. Michaslis, 
Ueber die Wiederherstetlung scheinbar todter Menschen, 1790. Crkve, Demetall. inita- 
mento veram ad explor. mortem , 1793. Fotiiergill, A New Inquiry into the Suspen¬ 
sion of Vital Action, 1795. Heidmann, Zuverl. Prufungsmittel zur Bestimmung des 
wahren Todes , 1804. Struve, Der Galvanodesmus , 1805. Later, the researches of 
Boer, Kerch, BicnAT, Nasse, and others are worthy of note. We refer lastly to S. 
Ori.motel, Be Vepreuxe galvanique ou bioscopie elect.., 1806. Rosenthal ( Wien. med. 
Jahrb., 1872, p. 389) has recently investigated the post mortem electrical excitability 
of the muscles and nerves. According to these researches the time of disappearance 
of excitability varies between one and a half and three hours after death ; it disappears 
sooner after chronic than after acute diseases, more quickly in those reduced than in 
the strong. The excitability of nerves fails sooner than that of the muscles; 
the orbicularis palpebrarum remains longest excitable. Even three hours after 
death, when the rectal temperature is still 38’-37° C., when the joints are still flexi¬ 
ble, the diagnosis of real death may be positively made from the loss of muscular and 
nervous excitability to the faradic and galvanic currents. In a case of hysterical 
seeming death, the preservation of electro-muscular and nervous excitability indi¬ 
cated life when hardly any other sign of it was perceptible. Rosenthal considers as 
erroneous the observations of Tracy and Josat, to the effect, that in ether sleep 
and poisoning by carbonic oxide, the electro-muscular reaction is in greater part or 
wholly lost. 


The testing of the sensibility of the skin is not always certain, for there 
are many cases of apparent death in which recovery takes place where, 
owing to asphyxia, the sensibility to cutaneous irritants seems wholly lost, 
and the same is observed in cases of deep narcosis produced by chloroform 
[ether], hypnotism, etc. 

A good means of testing real death is by applying mustard plasters, or 
rubbing the skin with moistened flannel, or with brushes, until the 
epidermis is destroyed. In cases of real death the spot on which lay the 
mustard does not become red, the rubbed parts do not become moist, but 
dry, and appear in from six to twelve hours yellowish brown, horny, and a 
little translucent. 
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(Kluge, Decubit* exsiccations, certo mortis signo, Lips., 1842. E. H. Weber, Fro- 
ricp's Fotis ., 18.18.) 

HasskIjT (loco cit., p. 31) cites several cases in which during the asphyxial stage 
of narcotic poisoning the skin was not reddened by the application of irritants, and 
in which, after the lapse of some hours, when some improvement had taken place, a 
blush appeared. If the actual cautery be applied upon a corpse, there arise only 
carbonized, brownish, dry, more or less hard or leathery welts; at least no vesicles 
and no inflammatory reaction appear as in the living and in those seemingly dead ; 
this constitutes Ciiristison’s test. According to .Jos at and Bouchut, there are 
some forms of seeming death in which all local reaction fails to appear under the 
cautery test; and in more recent times the reliability of Ciiristison’s experiment 
has been much put in doubt by the experiments of Buchner, ElJGEL, Maschka, 
and others. 

The flexor muscles overcome the extensors (the arms are turned inward, 
the hands bent, the thumb thrust into the palm) ; the lower jaw hangs 
down; the sphincter ani remains open; the body flattens itself where it 
lies : all these things take place in true death. 

Buumenbacii attributes great value to the flattening and wrinkling of the skin. 

The face of the corpse usually pi’esents a pale, waxy appearance. The 
face is purplish when death has occurred from a severe disturbance in the 
lesser circulation (strangulation, hanging, suffocation, drowning, severe 
pulmonary affections, especially in young individuals). The face is yellowish 
in patients who have had icterus, etc. People who usually have red faces 
sometimes preserve this color in death. The finger-tips usually are of the 
same color as the face; sometimes they are bluish in bodies which are 
otherwise pale. 

The skin of the dead is wholly opaque, that of persons apparently dead not so. 
This last is best seen by holding one’s own fingers held close together against a blight 
light; the sides of the fingers appear reddish and translucent. The non-translucency 
of the fingers (so-called dynamoscopy, of Coulangues) sometimes fails in cholera 
patients, in the subjects of hectic, while it may be present in those dying of dropsy. 

Discolorations, livores mortis, are purplish spots which in general make 
their appearance in from eight to twelve hours after death ; at first upon 
dependent portions of the body, in the dorsal decubitus upon the back of 
the corpse, upon the face, belly, and chest, if the corpse have lain upon its 
face. Later, with the progress of decomposition, they extend over the 
whole body. They are the more extensive in proportion as the blood is 
more fluid (suffocation, infectious diseases). Their color depends upon 
the color of the blood : they are very pale when the blood is poor in blood- 
corpuscles, bright-red in poisoning by carbonic oxide, bluish-red in 
cyanosis, etc. Body-discolorations are by no means a conclusive sign of 
death : they have several times been seen during life in cases of asphyxia 
by charcoal vapor, in which recovery took place ; and in such cases they 
are present upon the anterior as well as the posterior surface of the body. 
In very anaemic and in dropsical subjects they are occasionally wholly 
absent; in many cases (scarlet fever, typhus) they much resemble the 
petechiae seen during life. Occasionally these discolorations are very much 
like extravasations in or under the skin: an incision in the affected part 
serving to prevent this mistake. 

The coldness of the body, algor mortis, appears at a variable time (one- 
half to twenty-four, a mean of six to twelve hours) after death, according 
to the temperature of the dying person and of surrounding media, depend- 
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ing, for instance, upon the stay of the corpse in bed, or out of it, varying 
in death from freezing or drowning. In very old and very young persons, 
in those who are extremely emaciated, and in the subjects of chronic diseases, 
it appears more rapidly than in younger and better-nourished individuals, 
and in those having acute diseases. In cases of hanging, in persons killed 
by lightning and by charcoal vapors, this condition sets in very slowly. In 
many forms of apparent death, as well as in asphyxia from freezing and 
drowning, and in the algid stage of cholera, the surface is extremely cold. 
( Vide infra , on FEVER.) 

The eyelids ai-e half open in death, very seldom closed. The eyes are 
sunken and their axes stand parallel. The eyeball is less firm, because 
some of its fluid contents has evaporated, and later because of the com¬ 
mencement of decomposition. The eye is wholly insensible. In a few 
hours after death the sclerotic becomes, especially if the eyelids are not 
closed, yellowish by drying; and later it seems to be covered with bluish 
specks, particularly in the neighborhood of the cornea; it becomes thinner 
and allows the choroid to show through it. The cornea loses its brilliancy 
soon after death, and becomes cloudy, in part because the intra-ocular ten¬ 
sion is diminished, in part because of the loosening and swelling of its epi¬ 
thelium. A mudd}' appearance of the cornea does occasionally show itself 
just before or in the agony. A prolonged brightness of the eye is observed 
in cases of apoplexia fidminans , in death by strangulation, charcoal 
vapors, alcoholics, chloroform, hydrocyanic acid. The pupils are very wide 
and immovable. 

Larciier (Archives gen.. Juin, 1802) claims that the cadaveric infiltration of 
the eyeball is an important sign of death. It consists at first simply in a barely visi¬ 
ble black spot, which extends more and more, usually of a round or oval shape, sel¬ 
dom triangular. It appears always in the white of the eyes, at first in its external, 
later in its internal side. Both spots extend horizontally, becoming narrower, and 
at length unite in the inferior segment of the eye. This cadaveric infiltration of 
the eye is a symptom of putrefaction ; it is a transition state between the slightly 
marked, disappearing, or already gone, post mortem rigidity, and the well-known 
results of putrefaction. 

The post mortem rigidity, cadaveric rigidity, or rigor mortis, constitutes 
one of the most characteristic, though not absolutely certain signs of death. 
It commences in the muscles of the lower jaw and neck, then extends to 
the trunk, to the arms, and the legs, and at last involves the internal parts 
(the heart, vessels, stomach, intestines, etc.), diminishing in the same 
sequences. It makes its appearance sooner or later, according to the course 
of death ; most rapidly after many gunshot wounds, after drowning in cold 
water, after tetanus, after poisoning by hydrocyanic acid, and by strychnia, 
after high ante mortem temperature, sometimes after typhoid fever; in gen¬ 
eral terms, the sooner, on the one hand, the more the muscular power was 
exhausted before death, so that we see after gunshot wounds, after tetani- 
form spasms, muscular contractions passing into rigidity ; on the other hand, 
after prolonged muscular inactivity, as in typhoid fever. Furthermore, 
rigidity appears sooner and is stronger in aged persons, in muscular subjects, 
after many very acute diseases. External influences, for example the long 
stay of the body in a warm bed, especially a very high or a very low external 
temperature, have but little influence, or none at all, upon the rapidity or 
slowness of the appearance of rigor mortis. Usually it appears in from 
four to twelve hours, seldom later than twenty-four hours, rarely in a few 
minutes, or immediately after death. JRigor mortis diminishes after it has 
lasted twenty-four to forty-eight hours, seldom earlier; it occasionally per- 
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sists five to six clays, as in death from acute poisoning by alcohol, and by 
nitro-benzine. In this condition the muscles — flexors as well as extensors— 
shorten and thicken, just as in contraction during life. The limbs are, 
owing to the greater strength of the flexors, somewhat flexed, the lower jaw, 
if it have hung down, is closed again, so that the face has once more a life¬ 
like aspect. Cadaveric rigidity invades also the non-striated muscles. The 
rigidity of the muscles of the skin is the cause of the so-called goose-flesh of 
the dead. 

According to Larciter (Be Vimbibition crtdaverigue du globe de Veril et de la rigidite 
muscidavre , etc., 1868) the first muscles which stiffen are those which move the 
lower jaw, the muscles of the lower limbs almost simultaneously, those of the neck 
next, and last those of the upper extremities — be the cause of death what it will. 

Ro88BA.CH ( Virchoic's Archiv , XLI., p. 558) has described a rigor mortis beginning 
during the last moments of life. In ordinary cases death completely relaxes the 
muscles, even if during the last minutes of life they were strongly or feebly con¬ 
tracted. In a few rare cases, however, the post mortem rigidity is a direct and sud¬ 
den continuation of living muscular contractions. In such cases the attitude exist¬ 
ing during life is preserved in death. This extremely sudden rigidity is met with 
after unexpected and sudden as well as after gradual death ; it affects tetanized as 
well as feebly contracted muscles ; it is not produced by special wounds; but besides 
in cases of gunshot wounds, this sudden stiffness takes place after tetanus, after 
drowning in cold water, after the injection of various medicinal substances into the 
arteries. 

The living contracted muscle is translucent, soft, contractile, and very perfectly 
elastic ; whereas the muscle, in a state of post mortem rigidity, is opaque, hard, non- 
contractile, inelastic, easily tom, and when once forcibly stretched does not again 
shorten, but remains soft. Living muscular fibres exhibit protrusion of the muscular 
substance through lacerations of the sarcolemma ; dead ones do not. The cause of 
the stiffness is well known to be the coagulation of the muscular substance, myosin, 
which is liquid in life. In this coagulation a free acid (the so-called muscular milk 
sugar) appears ; while the living muscular fibre, still fresh enough to respond freely 
to the galvanic current, always yields an alkaline reaction; free acid being found, 
without coagulation of the myosin, only in very much exhausted muscles. Myosin 
is coagulable in consequence of cessation of afflux of blood, by a temperature of 50° 
C. (the so-called heat-rigidity), by acids, especially carbonic acid. The restoration 
of fresh blood to rigid muscles does not, or does only in the least degree, make them 
again contractile, but they become decomposed. In solutions of common salt, of 
saltpetre, and carbonate of soda (which redissolve the coagulated myosin) rigid 
muscular fibres again look like fresh ones, but remain non-excitable. If, now, arterial 
blood be supplied, the muscular fibres once more become soft and translucent, exhibit 
an alkaline reaction, and contract after irritation of their nerves, as well as upon 
direct excitation. 

Compare the physiological researches of Harless, Brucke, Dubois, Kuhne, and 
others. Also, Albers, DeutscheKiinik, Sept., 1851 ; Kussmaul. Brag. Vierteljrschr ., 
1856,1., p. 62; and in Virchoic's Archiv , XIII., p. 289 ; Pelikan, Beitrdge z. gerichtl. 
Medicin, Wiirtzb., 1858. 

The considerations brought forward against the positive meaning of 
post mortem rigidity are of little value. The confounding of this condition 
with the muscular rigidity of apparent death in cases of freezing, of hyster¬ 
ical asphyxia with simultaneous catalepsy, with tetanic and eclamptic 
attacks, is hardly possible. That in many cases rigidity is not observed is 
in part owing to its being overlooked, in part because of its sudden appear¬ 
ance and disappearance, in part because of its late beginning. It is only 
in the prematurely-born foetus, and in frozen and thawed bodies that it 
seems really to fail. This may also be the case in poisoning by mush¬ 
rooms, in death by hydrosulphide of carbon. 

In cholera-cases there have often been observed, several hours after death, move¬ 
ments of the legs, bending of the knee, raising of the arms (Dietl, and others), 
ejaculation of semen (Guterbock, and others). 
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The beginning of decomposition (putrefaction) coincides with the ending 
of rigidity. The armnoniacal products of this decomposition first neutralize 
the acidity of the stiffened muscles, and then dissolve the myosin. 

Putrefaction is characterized by the cadaveric odor, by the greenish hue 
of the skin, and by the development of gases. These phenomena appear at 
a variable time (from a few hours to one week or more) after death, accord¬ 
ing to the temperature and moisture of the air, according to the composition 
of the body, the kind of illness which killed the patient, the degree of mus¬ 
cular irritability just before death ; in general, it occurs soonest in plethoric 
and fat individuals, in newly confined women, after death from very acute 
disease; most slowly in old persons, in the emaciated, after chronic dis¬ 
eases, in those dead of alcoholism, etc. 


According to Bro wn-Skquakd, the period of commencement of both rigidity and 
putrefaction, as well as their duration, are immediately related to the degree of 
muscular irritability existing at the moment of death. Everything that diminishes 
the degree of muscular activity before death, determines a rapid development of 
rigidity, shortens its duration, and affects putrefaction in the same way ; while every¬ 
thing that increases muscular activity acts in just the opposite way. Thus it is that 
animals hunted to death in an arctic winter become quickly rigid, and rapidly 
putrefy. The flesh of over-driven cattle soon spoils after slaughtering. In all cases 
of death by convulsions, rigidity and decomposition soon occur, whether disease or 
poison have caused the death. Everything which exhausts the system and reduces 
muscular irritability retards putrefaction. (See Bkown-S£quakd’s Croonian Lec¬ 
ture , 1801.) 


The cadaveric odor is characteristic. The greenish color first shows itself 
upon the belly, in the ileo-cmcal region; next in the intercostal spaces; and 
last in the remainder of the body; following by preference the course of 
the veins. It appears in a time after death which varies according to the 
temperature of the air to which the corpse is exposed, and according to the 
season; on the average upon the third day, though not rarely much later 
when the surroundings are cold. The occurrence of putrefaction is post¬ 
poned if the body lies in an atmosphere containing watery vapor, and at 
20° to 25° C. In colored people the greenish color may be recognized by 
rubbing the epidermis from the belly by means of a cloth. The green color 
is in all probability due to a combination of the coloring matter of the 
blood with sulphur. 

The formation of gas begins in the intestines, distends the abdomen, and 
may then cause the lower bowel, the bladder, and even the uterus and 
seminal vesicles, to expel their contents after death. It afterward affects 
the entire skin, producing a raising of the epidermis by greenish vesicles. 

Cadaveric rigidity and putrefaction in the first place, post mortem dis¬ 
coloration, the eye-ball changes, the kind of disease preceding death, and 
the agony in the second place are infallible signs of death. Although the 
first-named phenomena occur, under ordinary conditions, several, or many 
hours after death, it is, in individual cases, hazardous to make them the 
criteria of true death soon after apparent dissolution. 

Besides those above enumerated, a great many means of distinguishing true from 
seeming death have been proposed. Of those some are not more reliable than those 
spoken of above, some are complicated and costly, some are really ludicrous. Such 
are Nasse’s Thanatometer , von Hengel’s Abiondeictys (indicator that no more life is 
present), Meyer’s Biometer or Bioscope, the cercueil musical, etc. 

Compare especially Eu. Nasse, Die tJnterscheiduny des Scheintodes vom wirklichen 
Tode, 1841. v. Hasselt, op. cit. G-aunal, Mart reelle et mart apparente, 18(38. 
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The causes of death are numerous; but the following division may be 
recognized: 

Cessation of the circulation, through various diseases of the heart and 
great vessels. 

Cessation of respiration, through the action of various causes (suffoca¬ 
tion or strangulation). <, 

Deficient nutrition, either produced by albumen {vide infra , inanition), 
or by water (so-called water-inanition) ; the weakness of old age. 

Extreme or long-continued elevation or diminution of the tempera¬ 
ture of the body, and simultaneous deficiency of regulating means (burn¬ 
ing, freezing; many diseases). 

Severe physical and chemical agencies (crushing, sun-stroke, light¬ 
ning-stroke, etc.), and many poisons, some derived from without, others from 
within the organism (biliary acids, purulent infection, etc.). 

Severe psychical impressions (fright, grief, etc.). 

Those organs which are the instruments of the most important activities 
of life, and whose injury most quickly causes death, were called by the an¬ 
cients atria mortis / they are the heart, lungs, and the brain, or, to be more 
exact, the medulla oblongata. Hence we have, especially for the laity, 
three different modes of death : (1) death from the brain, called death by 
apoplexy (as in concussion of the brain, large extravasations) ; (2) death 
from the respiratory organs, by asphyxia, or, more properly, by suffocation 
(as by the breathing of irrespirable gases) ; (3) death from the heart, by 
syncope (as, for example, in rupture of the heart). These three modes of 
death seldom, and only in sudden death, occur in pure forms. Usually, 
especially in slowly produced death, they combine with each other in vari¬ 
ous ways: for example, interference with the circulation alters the composi¬ 
tion of the blood, and disturbs the circulation in the central nervous 
system, and this in its turn impedes respiration, and both together diminish 
the heart’s activity. In individual cases, even when a well-conducted 
autopsy is made, it is often difficult to determine the exact way in which 
death has been brought about. Even where we have the most striking ana- 
tomical changes it is not easy to specify the immediate cause of death. We 
see patients die with pneumonia, typhoid fever, pleuritic exudations, arti¬ 
cular rheumatism, etc., in whom the gross anatomical alterations are most 
probably as developed as in those cases which terminate in recovery. The 
morbid process by itself, i.e., the intestinal lesion in typhoid fever, the 
infiltration of a pulmonary lobe, etc., does not usually kill. Many diseases 
go on to a fatal issue because of mechanical accidents, or complications not 
to be diagnosed. At the present day the greatest importance is attached 
to the anatomo-pathological condition, while the chemical processes are 
only regarded in cases of common poisoning, and in a few so-called consti¬ 
tutional diseases. And yet such processes must have played an active 
part in those cases in which the autopsy yields the so-called “ negative 
results.” 

Although it is true that we cannot always say in what manner death 
was brought about, yet certain it is that the immense majority of human 
beings who die bear within them some severe tangible lesion. Nine out of 
ten men die of disease. Even in the still-born there are found numerous 
foetal diseases, and in cases of “ death from old age,” there are usually im 
portant lesions aside from the quasi-normal alterations of organs produed 
by age. About as many persons die of acute as of chronic diseases. In 
hospital patients, among whom every form of disease is met with, there is 
about 1 death in 10 cases. Even under the most favorable circumstances 
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the proportion of deaths is 1 : 30. The relation of deaths in a given period 
of time to the population during the same period, varies so much in differ¬ 
ent countries that we have 1 death to 20 or 50 lives ; children and still¬ 
born infants being included. 


The following are the ratios in various countries: 


England, 1:51. 
Germany, 1:45. 
Belgium, 1 : 43. 
Switzerland, 1 


40. 


France, 1:39.7. 
United States = 40.3. 
Italy, ) . 

Greece, f 


30. 


Turkey, 1:30. 
Kussia, 1 :27. 
Batavia, 1:26. 
Bombay, 1: 20. 


• In large cities the mortality is greater than in the whole country in which they 
are : 


Dresden, 1 :27.7. 
Berlin, 1 : 25.5. 
Prague, 1 : 24.5. 
Vienna, 1: 22.5. 
London, 1 :40.7. 
Liverpool, 1 :3G.t. 
Manchester, 1 :34.9. 
Glasgow, 1: 35. 
Edinburgh, 1: 37.7. 
Dublin, 1:34.0. 
Paris, 1 : 47.4. 

Lyons, 1 : 37.7. 

Nice, 1 :31.4. 

Naples, 1 : 28. 


Rome, 1 :24.0. 
Florence, 1:28. 
Amsterdam, 1 :37.0. 
Copenhagen, 1: 42.2. 
Brussels, 1:44.2. 
Athens, 1 :30.3. 
Geneva, 1:51.5. 
Algiers, 1 : 29.7. 
Alexandria, 1 :15.7. 
Cairo, 1 :12.2. 

New York. 1 : 30.0. 
Philadelphia, 1 :38.3. 
Brooklyn, 1:34.1. 

St. Louis, 1: 48.7. 


Chicago, 1:36.1. 
Baltimore, 1 :39.8. 
Boston, 1: 32.7. 
Cincinnati, 1 :48.6. 
Washington, 1:49.0. 

New Orleans, 1: 32.7. 
Santa Fe, 1:58.1. 
Pittsburg, 1 : 30.1. 
Richmond, 1:34.9. 
Montreal, 1:20.8. 
Burlington, Vt., 1:102.0. 
Denver, 1: 119.0. 

[From N. Y. Board of Health 
Report for 1872 .—Ed.] 


With the exceptions mentioned at p. 24, men do not die suddenly. Thus 
we distinguish certain modes of death as very rapid or sudden, from the 
common death. The end of life may still be said to occur suddenly, even 
when the death-struggle has lasted several hours. What is essential in the 
conception of this mode of death (mors subitanea, s. per apoplexicim , in the 
old, symptomatic sense of the word) is the unexpectedness of the event rela¬ 
tively to the previous condition of the individual. The symptoms of agony 
last from a few minutes to a few hours, consisting often only in insensibility, 
insomnia, convulsions, and difficult breathing. A rapid death is frequent 
in the earliest years of life, is very rare from the first year to complete 
puberty, then increases in frequency with each year of life up to the fiftieth, 
and also occurs in the most advanced age. It is once again as frequent in 
males as in females. It occurs more frequently in the day than in the night; 
and is more common in winter and spring than in other seasons. Sudden 
death is more apt to take place shortly after meals, and during defecation. 

If we take the mass of cases of sudden death in the symptomatic sense, 
and inquire what lesions are found in their examination post mortem , we 
may divide the total number into four categories: 

1. Frequently no important alterations from which the fatal result might 
have come are found, at least none discoverable with our present means of 
observation. This is true in many conditions enumerated above, further, in 
many cases of commotio cerebri , of crushing of the chest or abdomen, in 
operative or manual reduction of hernia, in cases of ovariotomy unattended 
by much loss of blood, and lastly, in cases of death from strong emotional 
disturbance. Many cases of this kind are at the present time called cases 
of shock. 

2. There are lesions which may be the cause of sudden death, and which 
are, in all probability, developed during the short agony. To this class 
belon" considerable serous effusion in the ventricles of the brain, extreme 

O f # t 7 

emphysematous distention of the superficial parts of the lungs, anaemia and 
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hyperaemia of the brain and the lungs. To this category also belongs, 
probably, the existence of free gas in the vascular system, without opera¬ 
tion, and without a trace of putrefaction. Cases of this kind are met with 
in newly delivered women, in nursing women, in newly born and in very 
young children, in old and in very corpulent persons. 

3. There are met with lesions which must positively have produced death 
in a short time ; acute serous exudation in the air-vesicles (oedema pulmo- 
num ) ; the presentation of polypoid excrescences of the mucous membrane in 
the larynx ; foreign bodies or solid exudations impacted in the larynx; 
entrance of air into the large veins, as may occur in operations ; lacerations 
of the heart or great vessels ; rupture of the stomach, liver, uterus (the peri¬ 
tonitis following these accidents only proves fatal after several days); severe 
cerebral haemorrhage, bursting into the ventricles, or directly pressing upon 
or destroying the pons Yaroliior the medulla oblongata. 

4. There are found lesions which often kill, but which have lasted a long 
while, and it is impossible to say, from the conditions present, why death 
should have occurred just at that particular time. Independently of sud¬ 
den deaths, we must, in this category, make the same interpretation which 
we must often fall back upon in cases of chronic as well as many of acute 
disease. Thus we meet with a sudden end in pulmonary tuberculosis, in 
the pneumonia of the insane or of old people, in diseases of the heart, in 
aneurisms, in cerebral softening, and tumors of the brain; only rarely in 
cholera, typhoid fever, the acute exanthemata. 

Upon the subject of sudden death there is quite a large literature, both in the olden 
time (Lancisi, Dc mortibus subitnneis libri duo , 1707); and in recent years, compare 
especially Herkich and Porr, Der jMtzliche Tod, 1848. 
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PART SECOND. 


GENERAL AETIOLOGY. 

Compare the previously mentioned works on general pathology, especially those of 
Heusinger, Henlk, Stakck. Among newer works, Reicii, Lchibuch der aUf/emeine 
jEtiitlogie v. Hygiene, 1858, and Ueber dev Entavtung d. Menschen, 1808; Stamm, Nos- 
opfulif/rie, 1802 ; Oesterlkn, Handb. der med. StatUtik , 1805; J. Ranke, Grundzuge 
d. Phys. d. Menschen , 1808 (2d ed.), and Vierohdt, Grundriss d. Phys. d. Menschen , 
1871 (4th ed.). The special literature is indicated in each paragraph. 

./Etiology, or the knowledge of the causes of disease, is one of the weakest 
chapters of pathology. And this is because there are but few diseases of 
which we know a certain influence must of necessity have caused them; as 
is the case with many mechanical causes of disease, with parasites, poisons, 
medicines. Even in the few cases in which we do determine the operation 
of such an influence, as in the case of poisons, we remain ignorant of the 
nature of the substance producing the result; as in variola and syphilis. 
We only know that pus taken from a person having a given disease, if 
brought in contact with a healthy person, will produce a similar condition. 
And still we have as yet been unable to isolate the special poison. 

What we know about the causal conditions of internal diseases is not for 
the most part about causes in the strict logical sense of the word, about 
causce sujjicientes , which of themselves must under all conditions produce a 
definite effect, but is about complex conditions, under whose influence, with 
more or less frequency, certain diseases appear. From a strictly scientific 
standpoint we must at once reject a large part of medical aetiology, because 
it is uncertain, undemonstrated, only half true; but from a practical point 
of view it is of the utmost importance to know everything which may by 
any possibility call forth disease—a knowledge ind : spensable if we would 
avoid disease. 

From a rightly conceived aetiology flows in a natural way the Prophy¬ 
laxis of disease. There are connected with aetiology two doctrines bearing 
close relations to one another; Hygiene, which teaches how to preserve 
health, and Therapeutics, which teaches how the diseased organism or the 
diseased organ may be restored to the normal state. 

Every agency of nature, and every activity within the body itself, is a 
cause of disease the moment it possesses or acquires the power of disturbing 
the noi-mal current of life. Consequently, the number of causes of disease 
is unlimited ; and we can only bring to our cognizance the most important 
and most common ones. The same influences and irritations which are 
necessary to keep the organism in its normal condition, may conduce to 
morbid states by their extreme force. The conception of pernicious ness is 
therefore quite as relative as that of disease. 

A number of the pernicious influences which affect the organism operate 
only in a preparatory way, as causa} remotce , predisposing causes ; that is 
to say, they themselves cause only small deviations from the normal state, 
which, however, the cause continuing to act, maintain a disposition to further 
disease—the basis of disease, or dispositio ad morbum. 
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This predisposition is not a mere pathological notion, as tliere is also a 
physiological predisposition. 

That there are numerous individual differences with regard to the influence of 
various causes of disease, is very certainly established, for we not rarely see a number of 
men exposed to the action of similar morbid influences, exhibiting disease in varying 
form and intensity, or even having different diseases. This is most striking in the 
case of poisons, particularly mineral poisons; many men become sick after only a few 
months’ exposure to lead, while others may be exposed for many years without suf¬ 
fering. The same seems true of scarlatina, syphilis, and malaria. 

That caution should be used in stating this of the above-named diseases, is shown 
by the fact that it was formerly claimed that some individuals enjoyed immunity 
from tape-worm. 

The predisposition to disease is a general one to which all organisms with¬ 
out exception are subject (for example, any human being may be crushed by 
a falling rock, or poisoned in an atmosphere of carburetted hydrogen) ; and 
it is also a special condition (for example, many men never get a miasmatic or 
contagious disease; nursing children are seldom tlie subjects of contagious 
diseases). 

There is, furthermore, a certain degree of susceptibility to the various 
influences and irritants which actmore or less continuous])- upon the organism. 
This susceptibility varies much in different individuals, and under different 
conditions. A too great degree of susceptibility is called erethism ; a too 
small degree, torpidity; two conceptions which cannot be further defined, 
which are obscure, and yet are indispensable for the necessities of practice. 

Predisposition to disease passes into disease proper by insensible grada¬ 
tions : such conditions are called sickliness, weakness, susceptibility, 
irritability. This heightened predisposition is often a more serious thing 
than true disease; the subjective state being often much better after a 
threatened disease than before it. The mox-bid disposition may, further¬ 
more, subside without any actual disease having developed from it. It is 
seldom destroyed by the occurrence of a disease; it is more often only 
suspended for a while; sometimes it is lengthened. This predisposition 
evidences itself chiefly in particular organs and systems, as for example, in 
the skin, the intestinal mucous membrane, the respiratory organs, etc. 
These parts, having a striking liability to disease, are called partes minoris 
resistentice. The organs predisposed to disease in general, or to special 
diseases, show either no abnormality, or an anatomical or histological 
alteration. 

Whether there have been predispositions or not, the system is usually 
assailed, before the beginning of a severe disease, by another external influ¬ 
ence, which is known as the proximate, occasional, or exciting cause, causa 
proximo,. This consists either in a single -morbific influence (wounds, 
shocks, poison), or in a complex group of influences (as, for instance, 
“taking cold'”). It further happens-that many diseases appear only after 
the cause has been acting several days ; and that probably in the majority 
of affections causal influences are at work which escape our observation. 
All these reasons dispose us, like laymen, to connect an illness with any 
coincident occurrence, without our being able exactly to determine the rela¬ 
tion between the two. 

What relation exists between predisposing and exciting causes is wholly 
unknown. In general terms they stand in an inverse relation : that is 
to say, the stronger the predisposition, the slighter the exciting cause 
needed to develop a disease, and vice versa. 

If the predisposition be so strongly marked that disease is produced by 
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tlie operation of exciting causes which are of a strictly physiological 
character, we have to do with individual susceptibility or idiosyncrasy. 
To this class belong the instances of urticaria developed after smelling of 
or eating strawberries, after eating lobsters, etc., of headache produced by 
tobacco-smoke, of sneezing from the inhalation of a small quantity of 
ipecacuanha, etc. ; probably also the production of hay-asthma (catarrlius 
oestivus) during the haymaking season. 

The predisposition to disease is often wrongly appreciated. It is either confounded 
with an early stage of the disease itself (as in the falsely so-called phthisical and 
apoplectic habit), or, what is more frequent, with the exciting causes of disease (as 
in the matter of the greater frequency of fractures and of pneumonia in men). 

Whether there be any of the so-called cumulative effect in the causes of 
disease—that is to say, whether the frequent or long-continued action of 
one cause will ultimately produce a more extensive or more intense 
affection, cannot be determined at present. 

That there is such a thing as resistance, or becoming habituated to 
morbid causes, is not to be doubted. This is most certain about certain 
poisons, as is shown in the case of the arsenic-eaters of Steyermark, of 
alcohol-drinkers, opium-eaters, workmen in lead, smokers and snuffers of 
tobacco. The same is probably true of many contagious poisons and 
miasmata. Among all other causes of disease, this is most strikingly 
exemplified by the habit of enduring great variations of temperature. 

We cannot now give any explanation of this resistance power. It is partly com¬ 
parable to the immunity of certain animals to the action of certain poisons, which 
are more frequently vegetable and animal than mineral. We can imagine that either 
the morbid cause is made harmless immediately at the spot where it is received, or 
that after its entrance into the blood it is quickly separated by secreting organs (liver, 
kidneys). 

Causes of disease in general are either internal or external ; in other 
words, they are such as lie in the individual, or such as reach him from 
without. 


I. INTERNAL CAUSES. 

1. INHERITANCE. 

Louts, Surles maladies hereditaires, 1748 . Rougemont. Abh. iiber d. erbl . Krank- 
7ieiten, Uebersetz. von Wegeler, 1794 . Ptorry, De Vheredite denis les maladies , 
1849. Lucas, Traite de Vheredite nalureUe, 1847 . Morel, Des degenerescences de 
Vespece hwnaine, 1857 . 

Children often exhibit defects or diseases which one or both of their 
parents had before them. This fact becomes comprehensible when we re¬ 
flect upon what takes place in the lower animals. In such of the lower 
animals as multiply by transverse or longitudinal segmentation, each indivi¬ 
dual of the new generation is literally a half of an individual of the preced¬ 
ing generation. Each half must of necessity equally share the anomalies of 
form and composition existing in the whole individual. And in those 
animals, a part of which after separation from the parent is developed into a 
complete animal by the formation of new organs, it is still conceivable 
enough that abnormalities of the original creature should descend to the 
scion. Now it must be remembered that ova and semen in the higher am- 
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mals are nothing else than parts separated from the paternal and maternal 
bodies, both contributing to the development of the new being. The fact 
of inheritance from the father is made even clearer by new observation, 
showing that spermatozoa are not merely brought into close contact with the 
egg, but penetrate it through the micropyle. These considerations show 
that the actions of modifying activities may extend to the descendants, and 
must do so; but they do not explain why a certain disease of the generator 
is reproduced in the young. 

The influence of sexual relations with an individual will exert an influence 
upon the maternal organism which occasionally lasts beyond the confinement. There 
are. for example, cases on record of negrtsses, who, after having had children by 
white men, have born mulattoes in wedlock with negroes; as well as of children 
descended of white parents, and bearing traces of colored blood, their mothers having 
previously had mulattoes by negroes. In the domestic animals we meet with much 
more numerous and more striking instances of the same kind. For example, a 
slut of pure race impregnated by a bastard dog does not bring forth bastard young 
on that one occasion, but is not for a long time capable of producing, with a pure- 
blooded male, a truly pure-blooded progeny; her young are always a little imperfect. 

We must always recognize various conditions in inherited and congenital 
diseases; such as the influences derived from the father and mother, which 
existed before the act of procreation (true inherited or conceptional diseases); 
as the influences depending upon the condition of the parents during 
generation; further, what may have been experienced by the foetus in utero 
(intra-uterine diseases); and lastly, what may have been impressed upon the 
individual by the family life, in part by the dwelling, etc., in part by similar 
habits, by similar education, etc. 

1. The condition of the parents before generation is of great importance for 
the offspring. In order the better to realize the possibility of inheritance 
of disease, we should consider the transmitted similarities in physiognomy, 
color of the iris, intellectual capacity, which are apparent either very soon 
after birth, or later. Just as in one family an aquiline nose, and in another 
a pug nose returns, so there is inheritance of many malformations, as super¬ 
numerary fingers, hare-lips, cleft-palate, peculiar forms of ear muscles, phymo- 
sis, hypospadias. Even warts and mother-marks (pigment stains) occasionally 
re-appear in the same spot in children of those having them. Among true 
diseases, not only are the so-called constitutional diseases, as tuberculosis, 
syphilis, gout, lepra, diabetes mellitus, the hannorrhagic disposition, or 
polysarcia, inherited, but also mental disorders, epilepsy, hypochondria, 
hysteria, and cretinism. Ichthyosis and the hannorrhagic disposition, together 
with many malformations, such as hypospadias, show the peculiarity of re¬ 
appearing only in the male descendants: so that the daughters, themselves 
free from the diseases, transmit them from grandfather to grandson, to their 
own sons. Cataract is especially transmissible in the female line, tuber¬ 
culosis, gout, polysarcia, etc., nearly always appear in the children for the 
first time at the age when these diseases are most common: for example, 
the children of phthisical parents remain often perfectly well till their twen¬ 
tieth or twenty-fifth year, when they break down rapidly, and are, as a rule, 
more severely affected than are those who acquire tuberculosis; certainly 
many die in the first year with pulmonary or meningeal tuberculosis. It not 
seldom happens that at the time of procreation both parents appear healthy, 
though one of them, issue of a tuberculous family, already carries the germ of 
the disease, to use a figurative expression ; the children may become tubercu¬ 
lous. Further, the inheritance is not always of the very same lesions. If 
the parents have become the subjects of secondary syphilis, their children 
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often die in the womb, and the foetus is ejected before the end of pregnancy as 
a putrefying body ; or the children die in the first few weeks of life, of simpls 
wasting; or they live, and later become scrofulous; or, lastly, they in their 
turn become syphilitic. Drunkenness in the father not rarely causes men¬ 
tal disease in his descendants. It is a matter of common experience, that in 
families in which insanity is hereditary we meet with examples of the 
greatest intelligence, and with epileptics and imbeciles. It is still more 
remarkable how often two perfectly healthy parents will have healthy 
children with malformations and defects. 

In the well-established instance of KiTix (Schriften der Berlin. Naturf., 1870, Bd. I., 
p. 3(57), two healthy parents, derived of healthy families, gave issue to five children. 
The oldest son, aged 24 years, was 3 ft. 2 in. high, with very small generative organs, 
without sexual appetite, was the subject of cataleptic attacks ; the second child, a 
son, 21 years old, large, like the former in respect to sexual development, was simple- 
minded and mischievous ; the third child, a girl 16 years old, 3 feet high, an imbecile; 
the fourth, a girl aged 10 years, and the fifth, a boy of 7 years, both imbeciles. 
There are many such examples on record. 

Women affected with secondary syphilis bring forth syphilitic children. Contrarily, 
those having tertiary syphilis bear for the most part healthy children, even when the 
disease is very severe. Attempts to inoculate tertiary syphilis fail. 

As offsets to such sad results there are a few considerations. Inasmuch 
as male and female fluids combine for the formation of the germ, the embryo 
may be constructed in its various parts after the fashion of one or the other 
parent; in so much as it takes after the father, it is less like the mother, 
and vice versa ’ so that by a preponderance from one side the influence of 
the other may be counteracted. The mingling of stock is a means of pre¬ 
venting the degeneration of succeeding generations ; while it is well known 
that the intermarriage of relatives tends to develop family traits and dis¬ 
eases to an extreme degree. It is especially known in the case of cretinism 
and idiocy that the marriage of related persons favors their appearance, 
while it is prevented by marriage among persons of different races and 
countries. The same is true in a lesser degree of deaf-mutism. Other 
remarkable facts are the frequency of sterility in related couples, and the 
uncommon mortality of children of such parents. And yet we meet with 
remarkable exceptions to these rules. 

The intermarriage of relatives is followed by sterility and abortion on the one 
hand, and diseases (weakness and malformations of all kinds) in the descendants on 
the other. A committee, presided over by Dr. Morris,* of New York, published the 
following table in 1859: 


Relationship. 

Families. 

Number of 
Children. 

Perfect 

Children. 

Defections 

Children. 

Percent¬ 

age. 

Third cousins. 

13 

71 

42 

29 

40.8 

Second cousins. 

120 

626 

3(50 

266 

42.5 

First cousins. 

630 

2.891 

955 

1,936 

66.9 

Cousins offspring of cousins. 

Uncle and aunt, with niece and 

61 

187 

64 

123 

65.7 

nephew. 

12 

53 

10 

43 

81.0 

Double cousins. 

27 

154 

21 

138 

86.3 

Incestuous . 

10 

31 

1 

30 

96.7 


According to Yoisin, the mental and bodily health of the 3,300 inhabitants of Batz 
(Loire inferieure) is uncommonly good, although owing to its location on a strip of 


* This table is by Dr. Bemiss, of Kentucky, for the whole United States, and was 
quoted by Prof. A. W. Morris. Morris’ paper is in Trans, of the New York State 
Medical Society, 1867, p. 351 .—Ed. 
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land almost as isolated as an island it is the scene of frequent intermarriages. Mal¬ 
formations, mental diseases, idiocy, deaf mutism, epilepsy, etc., are wholly absent, 
as well as sterility and a tendency to aboi-tion. Voisin denies the evil influence of 
marriage between relatives, if the participants enjoy good health and have a strong 
constitution. 

With the question of the influence of the parental condition upon the health, etc , 
of children, there is closely allied a number of questions, whose solution is of the 
greatest practical importance. Which sex has the greater influence in generation ? 
To what circumstances' is it owing that sometimes the father, at other times the 
mother exerts a prevailing influence ? Are the dispositions of the father and mother 
more readily transmitted to the sons or daughters ? Are the peculiarities in certain 
organs and systems in the latter developed more especially under paternal or maternal 
influence ? These and similar questions can receive only a partial solution at pres¬ 
ent. We need upon these points observations, and experiments upon animals. In 
the breeding of cattle it has been universally recognized that the offspring especially 
resemble the father. In the human species, it is believed that the mother’s influence 
prevails. 

Furthermore, it is desirable to determine the actual frequency of inherited diseases, 
not their necessity. We frequently see dwarfish animals or deformed human beings 
giving issue to perfectly normal offspring. In the case of certain special diseases, 
tuberculosis and syphilis, it is on the whole but seldom that the children of diseased 
parents remain well. It must be remembered that the embryo has only the tendency 
to disease, and that through favorable influences its development may become 
normal. 

2. Too much importance has been attached to the influence of the accidental 
condition of the parents during procreation. Great stress has been laid 
upon the moral disposition of aversion or indifference, of intoxication during 
the sexual act. It should be remembered that at the time of copulation the 
semen and ovum have been for some time fully developed, and only undergo 
transportation at that time. That debility, age, habitual drinking, etc., 
should enfeeble the germ is evident; the state of the parties during coition 
can have influence upon fertility only by helping or preventing the contact 
of semen and ovum. 

3. During intra-uterine life a number of so-called inherited imperfections 
and diseases arise, caused in part by infection of the foetus by the mother, 
and in part by independent foetal diseases. The latter may be designated 
congenital diseases in contradistinction to inherited diseases. 

It being assumed that the father has been healthy, the child can only be 
infected during this period by the mother. During pregnancy everything 
that is transportable in the mother’s blood may be carried to the foetus. In 
this way the mother’s anaemic state may harm the child ; syphilis and small- 
pox, seldom scarlet fever, measles, dysentery, typhoid fever, intermittent 
fever, puerperal fever, even tuberculosis and cancer, may be communi¬ 
cated to the foetus. The foetus may experience several affections, small-pox, 
for example, without the mother’s participation. It is different with the 
mental state of the mother during pregnancy; it is doubtful if mental 
depression, insanity, etc., can affect the already formed embryo through 
the blood. 

In this category belong the so-called impressions of pregnant women, whose possi¬ 
bility cannot be completely denied on a priori grounds. Yet many of the cases cited 
in support of this causal influence are foetal diseases. (W. A. Hammond. Influence 
of Maternal Mind over the Offspring during Pregnancy and Lactation. Journal of 
Psychological Medicine, 18(58, p. 1.) 

A great number of malformations, particularly those through arrest of 
development, are referable to foetal diseases. The embryo has his vascular 
system, his own nutrition, just like an adult; and consequently there may 
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occur in him, just as in the adult, blocking up of a given vascular region, 
effusions of blood, exudations, atrophies, hypertrophies, etc. For example, 
it has been demonstrated by complete series of preparations, that the encir¬ 
cling of an extremity of fingers by turns of the umbilical cord, or by thread¬ 
like false-membranes, may eventuate in true spontaneous amputation. 
Furthermore, we meet with cicatrices, closures, atrophy, dropsy, etc., in the 
embryo, in parts which, in the born child, cannot undergo the same pro¬ 
cesses, because death would precede them. This holds good of many mal¬ 
formations of the brain and medulla oblongata, of closures (atresiae) of the 
mouth, throat, intestinal canal, etc., of many pulmonary (syphilomata) and 
renal diseases. Contrarily, we occasionally observe in the foetus, as well as 
in the grown individual, slight lesions, causing great disturbances, especially 
if they involve undeveloped organs. For “ if the needed size and regular 
quality of the embryo-organ be wanting, the resulting adult-organ becomes 
shrunken or defective.” Malformations arising in this way are either 
simple defects, or they are instances of arrested developments. In either 
case, the part is very imperfectly or not at all developed. Growth proceeds 
only to a certain point. Usually it is impossible to make out a special 
cause for the greater number of such malformations. It is only rarely that 
it is satisfactorily shown that mechanical agencies (blows, etc.) have acted 
upon the foetus. Malformations have been produced experimentally by 
wounding the ovum. This shows that only a part of malformations are 
explicable by foetal disease. 

4. Seeming transmissions are sometimes classed with inheritances, as, for 
example, many habits of walking, of movements in general, of handwriting; 
and also abnormalities which children acquire in later years from associa¬ 
tion with the parents, by the force of imitation, such as certain eccentric 
mental traits, hysteria, etc. 

5. Lastly, children become sick in the same manner as their parents, 
because they are surrounded by similar external influences, such as similar 
dwellings, similar food, similar sources of infection. 

2. AGE. 

See Quetelet, WapF/ETIS, Zetsing. Also special treatises upon the diseases of 
newly bom, nursing, and older children, by Valleix, 1838; MAUNSELL and 
Evanson, 1838; Rili.iet et Bartiiez, 3d ed. 18(51 ; Rees, 1844; Bouciiut, 1845 
and 1862; Legendre, 1846; Bednar, 1850, 1851; Gerhardt, 1861 and 1871; 
Henning, 1855 and 1864; West, 1857 ; A. Vogel, 3ded., 1867; Steffen, 1855- 
1869; Steiner, 1872. Schreber, Die Eigenth. d. kindl. Organixmus , 1852. 
Works on diseases of old age, by Canstatt, 1839; Durand-Fardel, 1858; Geist, 
1860 ; Metteniieimer, 1863; Ciiarcot, 1868. 

The periods of life, or ages, are: 1. The nurstng age, from birth to the 
irruption of first teeth (7th to 10th month); 2. Childhood, from the first 
teething to the second dentition ; 3. Boyhood, or girlhood, from the 
second dentition to puberty (14th to 15th year); 4. Adolescence, from 
puberty to the complete development of the body (21st to 25th years); 5. 
Early manhood, from the 25th to the 45th year ; 6. Later manhood, 
from the 45th to the 60th year; 7. Old age, from the 60th or 65th year 
onward. 


According to Wapp^eus, in 10,000 individuals the ages are divided as follows : 


0 to 5th year, 1,120. 

5th to 10th « 1,066. 

10th to 15th “ 933. 

15th to 20th “ 941. 


20th to 25th year, 887. 
25th to 30th “ 806. 

30th to 40th “ 1,373. 
40th to 50th “ 1,107. 


50th to 60th 

year, 

846. 

60th to 70th 

u 

548. 

70th to 80th 

U 

250. 

80th to 90th 

u 

58. 

Over 90th 

u 

5. 


44 AGE. 

With respect to age, there are to be considered : 1. The probability of 
becoming sick; 2. The mortality at different ages; and 3. The predisposi¬ 
tion to certain special morbid states. 

1. Morbility, that is to say, the probability of becoming sick, is very 
great in the first week of life, greatest in comparison to that in other 
periods of life; it diminishes after the sixth week, though remaining great 
until the end of the first year. After that age it progressively diminishes 
until the seventh or eighth year. From the eighth to the eighteenth year 
disease is once more more frequent; it again gets rarer with the complete 
development of the individual, reaching a secc\id minimum between the 
twenty-fourth and thirtieth years. From that age to the end of life the 
liability to disease goes on increasing. 

The statistics upon this point are liable to several objections. In statistics there 
should be a similarity of conditions, a similar mode of life, and similar occupations. 
Or, at least it is necessary to be acquainted with all the diseases of a given territory. 
Usually, however, the maladies found in hospital patients are studied in connection 
with numbers of the population; a fact which explains numerous inaccuracies. 
According to VlLLERMis (Ann. d'hygiene, II., p. 247), a male of the working class, 
aged 20-30 years, is sick on the average 4 days in the year ; one of 35 years, 44 days ; 
one of 40 years, 54 days; one of 45 years, 7 days ; one of 50 years, 9.1 days ; one of 55 
years, 12 days ; one of 00 years, 10 days; one of 05 years, 31 days; one of 07 years, 
42 days ; one of 70 years, 75 days. Fengeii ( Quid fnciunt a>tau annique tempm ad 
freq. et diuturn. morb. horn, adulti. Havn., 1840) states the same proportion for 
the period from the 20th to the 30th year, though he does not find that morbility and 
the duration of sickness are greater in the succeeding years—they only begin to rise 
in old age. FENGER based his conclusions upon observations made upon the marine 
workmen ( Flottenhandwerken ) of Copenhagen, a corps having a military organiza¬ 
tion; he takes into account the subjects of syphilis and wounds; and wounds are 
especially liable to occur in the most robust. 

2. Mortality does not bear any exact proportion to tire frequency of 
disease ; since it depends mainly upon the degree of danger attending each 
disease, and this again differs at various ages. The mortality-records of dif¬ 
ferent localities and states differ even when the disturbing influence of epi¬ 
demics is eliminated. The estimation of the average duration of life, or of 
probable survival at every age is of general and practical importance for 
societies, widows’ pension associations [1 Vitticenkassen], life insurance 
policy, and for the State. 

The average duration of life, calculated from mortality-tables (the number of years 
which all the dead have attained is added up, and the sum divided by the number 
of the dead) is as follows in different countries (the still-births being excluded). 

Austria .28.19 yrs. Saxony .31.16 yri England . 36 92 yrs. 

Sardinia . 30.80 “ Bavaria . 32 61 “ France . 40.36 " 

Prussia .31.10 “ Netherlands. 34.72 “ Norway . 43.64 “ 

United States, 24.1 “ 

The number of still births amounts to 4 per cent. The causes of still-births con¬ 
sist in foetal diseases, as well as in diseases and unfavorable conditions of the 
mother before and during confinement. 

Tables of mortality are almost perfectly in accord upon the following 
points, viz., that mortality is disproportionately great in the first month of 
life, that it decreases from the second month to the end of the first year; 
and that from the second year it diminishes rapidly, reaching a minimum 
between the eighth and twentieth years. The death-rate is small between 
the twentieth and the forty-fifth years; it is more especially so between the 
ages of twenty-seven and forty than immediately before or after. After 
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forty-five the mortality increases, though slowly. At the fifty-fifth year it 
again reaches the proportion it has at five years; at the seventieth year 
that it has at three years; at the eightieth year that of the sixth month; 
from the ninetieth to the ninety-fifth year it amounts to the rate at the 
second month, and at the one hundredth year it surpasses the 1 'ate during 
the first month. 

Mortality-tables (so-called life-tables) are tables which .indicate the death-rate of 
a population or generation ; that is to say, mark the order in which a certain number 
of persons born simultaneously, or of persons of a given age, die from year to year. 
They equally show the probability of death, the order of dying, and the probability 
of survival (probable duration of life) for each year of life. For example, the fol¬ 
lowing table of mortality for Belgium, by Quetelet. 


Age. 

Population: Number 
Living. 

Deaths in 10,000. 

Probable Duration 
of Life (years). 

Probability of Death. 

0 

10.000 

1,503 

41.56 

0.1503 

1 

8,497 

615 

50.58 

0.0724 

2 

7,882 

299 

53.28 

0.0379 

3 

7,583 

196 

53.80 

0.0258 

4 

7,387 

134 

53.75 

0.0181 

5 

7,253 

98 

53.39 

0.0135 

10 

6.886 

54 

50.10 

0.0078 

20 

6,350 

61 

42.37 

0.0096 

30 

5,730 

61 

534.78 

0 0106 

40 

5,109 

69 

27.16 

0.0135 

50 

4,401 

80 

19.73 

0.0182 

(50 

3.454 

114 

12.83 

0.0330 

70 

2,161 

149 

7.27 

0.0690 

80 

750 

103 

4.10 

0.1373 

90 

92 

23 

2.29 

0.2500 

100 

1.6 

1.6 

0.50 

1.0000 


Compare, Casper, Die wahrsch. Lebensdauer , 1835; Tom. eh, Ueber d. Bewegung 
der Beviilkerung , 1853; Quktelet-Riecke, Ueber d. Menschen , 1838; Ci.ess, 
Med. Statist, des Catkar. -Hospitals; Szokalski, Arch. f. phys. Heilkunde , VI. ; 
Oesterlkn, loco cit. 

3. As regards Predisposition to individual diseases, each age is liable to 
certain diseases, and these diseases run a different course in various periods 
of life. This is to a great extent explicable by certain anatomical and 
physiological peculiarities of organs. 

The diseases of the foetus have already been treated of (p. 42). Those 
affections which cause premature expulsion of the foetus, so-called abortion 
or premature labor, cannot be considered in this place. 

Compare Hegar, Mon.-Schr.f. Geburtslc ., 1863, XXI. 

During labor the child is exposed to pressure upon the head, belly, um¬ 
bilical cord, and the extremities. Pressure upon the head may produce 
extravasations of blood upon and within the skull; that upon the umbilical 
cord sometimes produces death by asphyxia; that upon the extremities frac¬ 
tures. Even without marked compression, the prolonged stay of the child 
in the genital passage becomes dangerous, and determines haemorrhage in 
the brain, asphyxia, debility, and death. In general the need of breath 
(besoin de respirer) is small immediately after birth, and this explains the 
often much-prolonged apparent death. Occasionally a too rapid delivery 
may prove injurious to the child, because it does not in that case feel much 
need of air, and breathes feebly. Inoculation with gonorrhoeal virus while 
the child is traversing the genital passage (gonorrhoeal ophthalmia of the 
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new-born) is not rare; syphilis, in spite of the vernix caseosa , is possible, if 
there be a wound in the skin, but very rare. 

In the course of the first few days after birth, but more especially until 
the third and fourth days, all children lose weight, and regain their original 
weight only on the seventh day. The proportional amount of blood is 
smaller in the newly born than in the adult, being one-thirteenth of the 
body-weight in the latter, one-nineteentli in the former. The blood has a 
high specific gravity, contains an abundance of solid ingredients, especially 
blood-corpuscles, and only little fibrin. The mean pulse-rate during the first 
week of life is 130 per minute; the blood-pressure is less, and the duration 
of a blood-circuit shorter in the young than in the grown individual. 
New-born children inspire forty-four times per minute. During the first 
hours of life the temperature sinks from 1° to 1.5° C., rising in a few 
hours to 37.5° or thereabouts, where it remains. 

At this time the danger of illness is very great. A kind of revolution 
occurs in the whole body of the child ; various organs enter for the first 
time into action. Coming from the uniformly warm medium constituted 
by the amniotic fluid into the air, the organism is made to undergo the 
most marked acclimation, a more severe one than any which he can afterward 
experience. If there be any alterations of the heart, of the lungs, or of the 
nervous system, such as interfere with the respiratory process, they become 
evident for the first time, and cause death at once, or determine a rapid 
failure of strength with symptoms of cyanosis, or the so-called atelectasis 
pulmonum, or produce general debility. The straight tubuli uriniferi 
frequently contain during the first weeks of life the so-called uric acid 
plugs; the result in some cases of increased tissue metamorphosis; in 
others of interruptions in the supply of oxygen during labor; they are 
never observed in still-born children. 

The division of the umbilical cord and the sloughing away of its end 
frequently are the occasion of local and general disturbances, umbilical 
haemorrhage, umbilical arteritis and phlebitis, pyaemia, trismus, tetanus. 
Induration of the skin and subcutaneous connective tissue is a peculiar and 
severe disease of the nursing age. The so-called icterus neonatorum is pro¬ 
duced by the escape of blood-pigment into the tissue of the skin, which is 
very hyperaemic after birth, and lasts from the middle of the first week to 
the end of the second. At this age we also, though very rarely, see jaun¬ 
dice resulting from retention of bile, and as a sign of pyaemia. 

The predisposition to disease is so strong during the first year of life that 
one-fourth of all children born die within that period. The greater num¬ 
ber of deaths occur in the first month, in the first week, upon the first day 
after birth. Mortality is greater in those first born than in children born 
later ; it is greater, notably greater, in cities than in the country; greater 
in industrial manufacturing districts than in agricultural ones; greater 
among the poor than among those well-to-do; greatest in foundling asylums. 
During general epidemics the death-rate is the greater in children, as they 
are attacked sooner after birth. The helpless and dependent state of nurs¬ 
lings seems to have a good deal to do with this great mortality, and in favor 
of this is the fact that illegitimate children have a much greater death-rate 
than legitimate ones. 

On the average, 9 to 10 per cent, of all children are illegitimate ; the larger number 
in Bavaria and Saxony; the smaller in Sardmia and the Netherlands. In urban and 
industrial populations the proportion is greater than in the agricultural class 
(14.7:7.6). 

A healthy child, male or female, grows in length by more than one-half 
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its size during the first two years ; it increases from 50 cent, to about 79 cent. 
Tt trebles or quadruples its weight; that is to say, it weighs 3 to 4 kil. at 
birth, 10 kil. in the first year, 12 kil. in the second. The following is the 
rate of monthly increase in the first year, the initial weight being 3.25 
kil. : 4.00-4.7-5.3-5.9-G.5-7.00-7.4-7.8-8.2-8.5-8.7-8.9 kil. 

Such special determinations of weight increase have not merely a theoretical value, 
but also a practical one, for by them we can test in a certain manner the usefulness 
of a given infant-food (mother’s milk, nurse’s milk, artificial food). 

The irruption of the teeth takes place in the following usual order, 
though deviations ai‘e not rarely observed : 

From the 5th to the 7th month, the two lower middle incisors. 

From the 8th to the 10tli month, the two upper middle incisors, and the 
upper lateral incisors. 

From the 12th to the 14th month, the first four molars, and two lower 
incisors. 

From the 18th to 22d month, the four canine teeth. 

In the 3d year the second molars. 

Children present many peculiarities in organization and mode of reaction 
which have an influence upon the nature and extent of morbid processes. 
Most striking is the liability to spasms (reflex spasms). These, in milder 
forms, such as rolling of the eyes, twitching of the mouth, jerking of single 
limbs, occur after insignificant provocation in nurslings, as during micturi¬ 
tion and defecation. In the various affections accompanied by fever, we 
also often meet with spasms. This abnormal excitability is attributed to 
the softness, the humidity, and the rapid growth of the brain. This excit¬ 
ability, however, shows itself only in the motor apparatus; for sensibility 
is never greater in the young than in the older pei-son; every irritation 
whose painfulness may be estimated, as flea-bites, itching eruptions, inter¬ 
trigo, are more easily endured by the infant. Very young children seem 
to possess a complete immunity to neuralgia. Insanity, with the exception 
of congenital idiocy, is most rare in childhood. Intermittent fever and 
typhoid fever do occur, but more seldom than in persons of riper age. 

The anatomical peculiarity that the larynx is differently proportioned 
from that of the adult is of importance. The vocal fissure is narrower, 
chink-like, the cartilages are softer, and consequently the glottis is more 
easily closed by spasm. The extreme want of breath and danger of 
asphyxia, which in the adult can be brought about only by so-called oedema 
of the glottis, will arise in children without any trace of organic disease 
(false croup, laryngismus stridulus, asthma Millari). The danger attending 
true croup is much increased by the narrowness of the air-passages in young 
children. In the same way the narrow nasal passage of the new-born 
should be remembered, for because of this coryza becomes a dangerous 
malady in these subjects, nursing is thereby rendered difficult, and their 
life is easily brought to a termination by the anaemia of inanition. 

Nursing children vomit with the greatest ease. This arises from the 
position and shape of the stomach; it lies more vertically, and its fundus 
is but little developed. Disturbances of nutrition, probably of a chemical 
sort, and diarrhoea are frequent, and cause death by exhaustion. New dan¬ 
gers are encountered when the food is changed or when the child is weaned. 
The hypersemia of the mouth, which accompanies the first irruption of the 
teeth, at times causes hypersemia of the brain, and convulsions ; of less con¬ 
sequence are diarrhoea, and erythema of the skin. 

The skin and the mucous membranes are more excitable, more prone to 
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disorders of circulation. The function of the lymphatics is prominent in 
childhood, the quantity of lymph is increased, the lymphatic glands have 
their greatest development; and in the latter we more often observe altera¬ 
tions of nutrition than in adults (so-called scrofulous diseases). Rachitis 
now begins to show itself, usually in the shape of softening of the occipital 
bone (craniotabes). 

Parasites, especially lice and round worms, readily lodge in these young children; 
the former because they cannot well clean themselves. The same is true of spores, 
the cause of thrush; also, perhaps, of ascaris. At any rate, their more frequent 
appearance in children is evident. Other parasites, such as tape-worm, are rarer. 

After the first dentition, severe diseases of the respiratory organs are 
more frequent, such as pneumonia, croup, tuberculosis of the bronchial 
glands, whooping-cough. 

In the age between one and a half and eight years growth proceeds 
rapidly, and the cerebral functions are developed. On the average, a child 
grows in length about G cent, each year; the weight of the body goes on 
increasing to the eighth year, rising in boys to 20 kil., in girls to 19 kil. 
The blood has a lower specific gravity, coagulates quicker, contains a less 
amount of solid ingredients, has more red corpuscles. The pulse-rate 
diminishes from 110 to 90 beats per minute in the eighth year ; the respira¬ 
tion-rate from 40 to 2G. The absorption of oxygen and exhalation of 
carbonic acid are relatively at a maximum. Hunger and thirst remain 
pressing (the half-year-old child ingests daily one-sixth of its weight, or 
even one-fifth, the adult only one-twentieth), and are not as well borne as 
by adults. Consequently, emaciation during disease is greater. The 
rapidity and extent of tissue-metamorphosis in childhood are evidenced 
also in the composition of the urine; a child aged three or five j’ears 
passes much more in proportion to its weight than a person of about sixteen 
years; twice or thrice as much urine, with twice or thrice more urea, and 
more than thrice as much chloride of sodium; the amount of phosphates 
is, contrarily (because of growth of bones), diminished. The capacity for 
regeneration is greatest in all tissues (skin, bones, nerves, etc.). 

Diseases of the air-passages and of the lung substance are still frequent 
at this age: among others whooping-cough, tuberculosis of the bronchial 
glands and lungs. Diseases of the intestines are less as a rule. Danger 
arises from diseases of the brain, from tubercular meningitis and acute 
hydrocephalus especially; epilepsy and chorea begin to show themselves. 
Rachitis, tubercular and simple inflammation of the bones, are the 
attributes of this age. Constitutional diseases are especially common ; we 
see, in addition to the tuberculosis, scrofula, scarlatina, rubeola, variola. 
That young children should be particularly liable to the last two of these 
diseases, does not depend upon a special predisposition in infancy (adults 
also have these diseases when they have not had them in childhood), but 
upon the fact that a human being cannot be long in the world without 
being exposed to infection from both these affections. 

From this age until puberty, boys increase 5.5 cent, each year, reaching 
at the age of twelve years a height of 138 cent, and girls 135 cent., on the 
average. Boys gain about 2 kil. in weight per year, girls a little more, so 
that in the twelfth year children of both sexes weigh on the average about 
30 kil. 

The state of health in this period is, on the whole, favorable. The 
diseases which do occur in this period exhibit no peculiarities, they are 
such as have been enumerated. We have now to deal with the morbid 
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consequences of attendance at school. These so-called school diseases have 
their origin in bad ventilation, in bad or at least irregular heating, in too 
much sitting, in bad body-attitudes. Thence may arise general anaemia and 
scrofula, superabundance of blood in the head, of congestive or mechanical 
origin, with headache, nasal haemorrhage, goitre, scoliosis, usually with 
convexity to the right, myopia, etc. Besides, attendance at school is impor¬ 
tant, because of the possible spread of infectious diseases, especially measles, 
scarlet fever, whooping-cough, diphtheria, the itch, and tinea tonsurans; 
and because of the acquisition of bad habits (onanism, etc.). 

Compare Guillaume, Hygiene scolaire, 1864. Vmcnow, in Archiv, I860, XLVI., 
p. 447. 

The period from the thirteenth to the eighteenth and twentieth years is 
called the period of puberty, or development of virility. Youths grow in 
this period some 30 cent., girls 20 cent. The increase of weight is even 
more rapid than before, reaching 58 kil. in boys eighteen years old, and in 
girls of the same age 51 kil. The pulmonary capacity goes on increasing 
until the twenty-fifth year. The quantity of air inspired is greater than 
that taken in by adults, so is the expired carbonic acid (even double in 
some cases), and the expired watery vapor. In this period the mental 
attributes, exertions, and character take extension, in conjunction with 
sexual development. The new functions of semen-elaboration, of throwing 
off of ova and menstruation, afford numerous opportunities for morbid 
action ; in the female sex amenorrhcea, dysmenorrhoea, and chlorosis are fre¬ 
quent, in both sexes there are extravagant notions, disorder of the imagina¬ 
tion amounting to positive insanity, this taking the form, usually, of erotic 
or religious mania. Epilepsy, chorea, hysteria, neuralgia, are by no means 
uncommon. Sexual aberration (onanism) or sexual excesses often occur, 
and weaken the body more than they would in later years. The various 
forms of venereal disease are also frequent in the latter half of this period. 
All acute diseases occur in this age : among chronic diseases tuberculosis is 
particularly frequent. 

From the twentieth to the twenty-fifth year, until the period of complete 
growth, the bones and muscles and the thorax especially develop ; the 
thymus gland diminishes in size. The pulmonary (vital) capacity still in¬ 
creases. In the twenty-fifth year the male is 168 cent, in height and weighs 
63 kil., the female is 157 cent, high and weighs 53 kil. All severe acute 
diseases occur in this age. In place of the laryngeal affections noticed at 
an earlier age, we have more ofr.en oedema of the glottis. In females 
chlorosis is still frequent. Bodily and mental efforts are well endured, and 
sexual indulgence is permissible if the body be well developed. 

Mature age extends in males a year or more beyond forty years, in 
females almost to forty years: this is the period of highest development. 
The male attains in the fortieth year his maximum weight, 63.6 kil., and 
then begins to lose flesh. Women continue to grow heavier (reaching to 
about 56 kil.) until the fiftieth year. This is the healthiest period, pro¬ 
vided that there have not been great exertions, excesses, or ill-health in the 
preceding youth. At this time gout appears, and with it gastric and hepatic 
affections, luemorrhoidal conditions; in women leucorrhoea and other dis¬ 
eases of the sexual organs. Exertions and privations are well borne in this 
period, and even excesses are not as harmful as in previous years. 

The name of climacteric age, that in which decline begins, is given to 
the period included between forty-five and sixty in rnen, and forty to forty- 
five or fifty in women. Men become more corpulent, women rapidly grow 
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older; in both the size of the body diminishes. Menstruation ceases in 
this period, with concomitant disorders, and the development of diseases 
of the internal sexual organs and the breasts. Acute diseases are more rare, 
but more easily produce death. Abdominal adipose deposit occurs, especi¬ 
ally in men, though without morbid action. Lastly, we find carcinoma in all 
organs, prostatic and vesical diseases appear, as well as emphysema and 
asthma, and cerebral haemorrhage. 

Old age, at least to the age of seventy, is characterized by diminution of 
nutrition ; the so-called marasmus senilis. Within this are a number of ana¬ 
tomical and functional alterations ; “ senectus ipsa morbus .” The wasting 
of old age consists in diminution of the connective tissue, in atrophy of the 
skin and nearly all mucous membranes, as well as of the muscular struc¬ 
tures, even those of the internal organs, gland-ducts, and bloodvessels ; in 
gradual diminution of the excitability and energy of the nervous system in 
general. The blood exists in smaller amount, is poorer in solids, particu¬ 
larly in blood-corpuscles and albumen. The large bloodvessels are en¬ 
larged because of loss of the elasticity of their middle coat; many arteries 
exhibit deposits upon their inner coat; a number of capillaries are blocked up. 
Through loss of teeth, come numerous alterations of the organs of respira¬ 
tion and digestion, atrophy of blood and lymphatic glands; digestion, blood- 
making, and respiration are impaired ; respiration even more by deposit of 
pigment, by atrophy of pulmonary lobules ( emphysema senile ), by sinking 
in of the vertebrae, and by ossification of the costal cartilages. The respir¬ 
atory movements are more frequent but more shallow. The absorption of 
oxygen and exhalation of carbonic acid are less in aged persons. The 
amount of urine, as well as of its solid ingredients, is diminished. The 
body temperature, strange to say, is a little higher than in adult age. The 
absolute amount of heat, however, is less, and so is the power of resisting 
cold. The brain undergoes a marked degree of atrophy, the resulting space 
being filled up in part by thickening of the meninges, in part by accumula¬ 
tion of serum in the ventricles; yet the senile brain dropsy is not the essen¬ 
tial attribute of this period of life ; there are usually observed only stubborn¬ 
ness and imbecility in certain lines of thought. The bones become more 
fragile in consequence of increase in their medullary substance. 

All the above are in a measure normal events, and the aged seldom die 
of them. Almost always there are found in the body well developed new 
anatomical lesions, which have, however, given rise to but ill-defined 
symptoms during life. To this categoi'y belong many vascular and cerebral 
diseases, pneumonias, cancer in various organs. Nearly all chronic affections 
are still common ; among acute ones, typhoid fever very seldom occurs, the 
acute exanthemata not at all. ( Vide infra, senile marasmus.) 

3. SEX. 

Compare the literature of diseases of trades by Ramazztni, 1700; Patissier, 
1822; ViLLERMfc, 1840; Fuciis, CAsrER, Cless, Halfort, 1845 ; Brockmann, 
1851 ; etc. The literature of female diseases by Osiander, 1820; Siebold, 1821 ; 
Jorg, 1831; Mende, 1831-6; Lee, 1833; Colombat, 1838; Franker. 1839; 
Buscn, 1839-44; Meissner, 1842; Moser, 1843; Kiwisch, 1847, 3d ed. in 1851; 
Graiiam, 1850; Jonas, 1850: Scanzoni, 1862; VeIt, 1867; Tiiomas, 1874. The 
literature of midwifery. 

The influence of sexual difference upon disease arises from the original 
and physiological differences between man and woman. In the latter there 
being less toughness and density of all the tissues; less development of 
the bones, of the striated and smooth muscles, of the external skin, and per¬ 
haps also of mucous membranes ; lesser size of the digestive apparatus and 
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the great glands, as well as of the kidneys; positively as well as relatively 
less tissue metamorphosis; smaller need of food ; less development of the 
respiratory apparatus; smaller vital capacity of the lungs; smaller forma¬ 
tion of carbonic acid ; less perspiration ; a smaller amount of blood, par¬ 
ticularly of blood-corpuscles as well as of fibrin, a greater proportion of 
water, salts, and albumen; smaller volume and weight of the brain ; greater 
fatty deposit, etc. 

Again, the two sexes show different results in consequence of differences 
in mode of life and education. It is sufficient to remember that men are 
more subject to all those diseases which are especially or solely caused by 
unfavorable hygienic conditions, or which are of meteorological origin, 
such as pneumonia, pulmonary emphysema, heart-disease, and articular 
rheumatism; and to such affections as are caused by occupations and pro¬ 
fessions; and lastly to recall the efficacy of such causes of disease as the 
abuse of alcohol and tobacco. 

On the contrary, women find more often exciting causes of disease in 
education and customs. Nervous irritability, hysteria, and spinal irritation 
have their origin in the absence of practical activity after which follows 
healthy fatigue, in actual immersion in the contemplation of the state of 
one’s body, in excitation of the sexual appetite without opportunity for its 
gratification ; women of the higher classes are especially liable to these dis¬ 
eases. The preponderance of this morbid group in women is so very great 
that the above causal conditions are not sufficient to account for the dispro¬ 
portion : and this is particularly true of hysterical spasms of all kinds, which 
are very seldom met with in men. In this question there probably enters 
some yet unknown peculiarity in organization. 

Those affections of the brain, spinal cord, and nerves, which are more 
especially produced by directly acting morbid influences, are not more 
frequent among women than men. As regards insanity, the statistics of 
various countries show an excess sometimes of males sometimes of females ; 
the latter is the case where women take more part in the occupations, cares, 
and emotions of men, as in France. In the male sex almost the only spas¬ 
modic affections observed are epilepsy and tetanus; among women epilepsy 
is not as frequent, tetanus is very rare. On the contrary, reflex spasms of 
all kinds are very common in women. Paralyses are, in comparison with 
females, very frequent in males. Diabetes mellitus, gout, locomotor ataxia 
are very much more common in men than in women. That vesical diseases 
and vesical calculi should be more common among men may be accounted 
for by the structure of the urinary organs. Women seldom suffer from 
haemorrhoids, which fact may possibly be connected with the periodic loss of 
blood at menstrual periods ; yet they, contrarily, often have struma. 

The greater frequency of disease in female foetuses is as yet of unknown causation. 
Otto found that among 473 cases of malformation in which the sex could he deter¬ 
mined, there were 270 females and 203 males. On the contrary, the so-called trans¬ 
position of organs is much more common in men than in women. 

In all countries ther-e are more boys born than girls (in the proportion 
of 105-10G to 100) ; the number of boys still-born is greater than that of 
girls (14 : 10). This last circumstance is probably due to the fact that on 
the average the body of the mature male foetus is larger and heavier than 
that of the female foetus, and that, consequently, there are greater impedi¬ 
ments to the birth of boys. Greater mortality prevails among boys after 
birth, so that if we reckon one-year-old children the preponderance of males 
is quite obliterated. This proportion continues throughout life, so that 
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almost without exception women outnumber men (102.7 : 100). From the 
second year to puberty there are no marked differences in the diseases of 
the two sexes, except that boys are more liable to laryngeal croup, and that 
later on girls are more often the subjects of chorea. During the period of 
puberty the female sex exhibits more affections of the sexual organs than 
males. This is explicable partly by their greater size, different location, 
especially reduplications of peritoneum, partly by their more complicated 
structure, and partly by their irregular performance of function. Anaemia 
of development (chlorosis) is especially the attribute of the female sex. 
During youth both sexes share acute diseases about equally; among men 
pulmonary and pleural inflammations are more usual, in women those of the 
peritoneum a little more frequent. Those dangers to which women are 
exposed during pregnancy, confinement, and lying-in, by affections of the 
sexual organs and the breasts, are counterbalanced in men by bodily and 
mental strains, to which they are exposed in their occupations. Among 
chronic diseases those of the digestive organs, such as colic, ulcer of the 
stomach, constipation, as well as diseases of veins, are more common in the 
female sex. Those diseases which absolutely cause the greatest mortality, 
such as tuberculosis and cancer, are about equally divided between the 
two sexes. 

In all diseases women endure better than men. Severe pain, great loss 
of blood, continued ill-health, exhaust men quicker than women. As 
regards their relations with physicians, women, aside from the insufferable 
pranks of hysterical ones, are more patient, tractable, and thankful than men. 

The mortality ratio of both sexes is indicated in the following table of QtJE- 
TELET. 


Out of 10,000 individuals there survive— 
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4. CONSTITUTION—IIABIT - TEMPERAMENT. 

By constitution is meant a sort of physiological basis, a predisposition, 
presenting itself as something constant in the same individual, and charac¬ 
terized by the mode of reaction of nerves and muscles, and also by 
the composition of the blood and by nutrition, as well as by the power 
of resistance to external and internal influences. These conditions 
sometimes persist without change during the individual’s whole life, 
and sometimes are altered by change of conditions of life (nutrition, dwell¬ 
ing, calling, etc.), or by diseases. By habitus (habit) we understand the 
external expression of the constitution ; these are related, as are the group 
of symptoms to internal conditions of disease. The term temperament is 
applied to something special in the constitution, as, for example, the humor, 
or frame of-mind, and the mode of manifestation of the activity of the 
brain. 

The various forms of constitution lie in part in the domain of healthy 
life, and in part correspond to morbid states, or shade into morbid constitu¬ 
tions. They are as little derived from nature, and as little defined as 
are forms of disease. There are as many constitutions as human beings, just 
as there are as many diseases as sick people. But, as we set up certain defi¬ 
nite forms of disease for the sake of description, so we pick out the most 
distinct types of constitution. 

1. The strong or robust constitution. The body is larger, or of 
medium size, broadly built, the skeleton and muscles are strongly formed ; 
the pulse is full, calm, and not variable, the blood rich in blood-corpuscles, 
there are rare, deep, respiratory movements, with great vital capacity, 
abundant perspiration, concentrated urine, good digestion and nutrition ; 
the functions of the brain are not too much developed. This constitution 
is seldom met with in women, never in youths, only in men between twenty 
and fifty years of age, most frequently in those classes who enjoy good 
food, together with physical exercise. 

Some would separate from the above the plethoric constitution ; characterized 
by a more compact, broader build, abundant muscular substance, red cheeks, lips, 
and mucous membranes ; sudden movements, sometimes a short neck. 

As attributes of this constitution are favorable conditions of health ; 
great power of resistance to the action of external and internal influences; 
rapid recuperation; frequent acute diseases: pneumonia, rheumatism, 
typhoid fever ; among chronic diseases : cardiac diseases, gout, pulmonary 
emphysema; tuberculosis only when there is an hereditary taint. 

2. The irritable constitution, the most common, especially in women 
and children. 

The characters of this constitution are, small muscular development, a 
pale and not over well nourished skin, marked development of the intellec¬ 
tual faculties, lively temperament. 

The following subdivisions may be made. The constitution with cerebral 
irritability', as exists in such individuals as easily become delirious in fever ; that 
with SPINAL irritability, as in those who easily have convulsions; the CATARRHAL 
constitution, in which there is a dry, easily moistened, or flabby skin, with evident 
tendency to catarrhal inflammation; the WEAK-ANEMIC CONSTITUTION, with pale 
skin and mucous membranes, small muscles, exhaustion quickly induced. The 
BILIOUS constitution might be added to this list, a frequent one in southern coun¬ 
tries, showing a dark or yellow skin, dark irides, a lively and often suffering glance. 
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3. The indolent constitution : Marked by slow development, slow 
and not abundant movements, ease of fatigue ; the bones, fat, and glands 
more developed than the muscles and nerves. The skin is lustreless and 
stiff: recovery is slow. As subdivisions we have the venous, lymphatic, 
asthenic, and cretinoid constitutions. 

It is to a very great extent an error to assume that the various constitutions pre¬ 
dispose to certain diseases. There are differences as regard the course of disease, 
the absorption of exudations for example, which is slower in the indolent constitu¬ 
tion. For therapeutics the matter is also of a certain importance, since, for example, 
individuals of indolent constitution, and many of the irritable constitution, do not 
well bear bloodletting, and, in general, any debilitating means or methods. 

The HABIT is made up of the size and weight of the body, its degree of 
fatness ; also in part of the form and color of external parts, the bearing 
of the body, the turgescence of organs. 

It is only with regard to size and weight of the body in man, and in 
some few animals, that several important physiological and pathological 
characteristics are known. The extreme body-weights in proportionately 
grown adults are as 1 : 2^—3 ; those of height are as 1 : l|—1 The 
pulse is slower in large men then in small men of the same age, or in other 
words, the length of the pulse-beat increases with the body-length. The 
time required for the completion of circulation increases (in animals) with 
the weight and length of the individual. Grown persons of short stature 
have a much greater amount of blood relatively to their body-weight than 
tall individuals. Large men have larger lungs, a larger larynx, etc. The 
vital capacity increases in men at the rate of about GO C. cent, for each 1 
cent, in height. Small men breathe oftener, though less deeply, than large 
ones. The relative (to body-weight) amount of the products of respiration 
is larger in small men than in tall ones. The absolute tissue-metamorphosis 
is greater in tall and heavy persons, while their relative amount is in just 
reversed proportion. With respect to the deposit of fat there are also cer¬ 
tain data worth remembering. Lean individuals have on the average a 
greater appetite, and absolutely and relatively (to body-weight) more intense 
tissue-changes than fat persons. The latter have relatively less blood ; they 
consume less oxygen, and have a smaller pulmonary vital capacity ; they 
secrete less bile, much less lymphatic fluid, and but little urine. 

The influence of these various forms of habit upon disease in general, 
upon its course, treatment, etc., cannot be briefly related. We know that 
fat, though otherwise healthy persons, resist but feebly many morbid inter¬ 
nal and external influences, that they are more often the subject of many 
forms of cardiac, hepatic, and renal disease, and that they do not well bear 
energetic therapeutic interference. 

Compare Vierordt, Grundriss d. Physiologic d. Menschen , 1871, p. 553. 

Besides the use of the word habit in the sense above defined, the term 
is often applied to marked alterations of the constitution, or to the external 
evidences of latent morbid action. Thus we speak of the phthisical habit, 
the carcinomatous and apoplectic habits, etc., without meaning to say that 
phthisis or cancer is actually present. 

With respect to temperament, great efforts have been made to connect 
its various types with given diseases. But the conception of a tempera¬ 
ment is very vague, and as soon as the physician attempts to bring it out 
in its material manifestations, it fades into the definition of constitution. 

From a very ancient period the division into PHLEGMATIC, choleric, SANGUINE, 
and melancholic temperaments is recognized. The originals of these are met with, 
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as well as those of several other types which have been defined in more recent times. 
In the quiet or phlegmatic temperament there are a tlabby state of the muscular 
system during repose, want of energy in the involuntary muscles, turgescence of the 
tissue, a disposition to adipose deposit, small or slow reaction to psychic excitation, 
slightly developed passions, small sensibility to bodily suffering. In the choleric tem¬ 
perament we find active contractions of the voluntary muscles, producing a tense, 
firm habit of body, great irritability, with force and persistence of the irritation, 
strong passions. The sanguine temperament is characterized by marked irritability, 
and equally great liability of the nervous system to exhaustion, sudden changes in the 
activity of the special senses and in humor, these changes being produced by bodily 
exertions as well as after mental exertion and emotional excitement. In the melan¬ 
cholic or sentimental temperament there are found united slight irritability with 
strong capacity for reacting to sensory excitations, and great persistence of the 
frame of mind, especially that of dulness or sullenness. 

It is possible that difference of temperament may have a certain influence upon 
the origin and course of diseases, especially the psychical; no such influence has 
been demonstrated as affecting somatic diseases. 

Whether the complexion (brunette or blonde) can affect disease is not 
known. The notion that blonde women suffer more from leucorrhcea is a 
mere popular prejudice. On the contrary, it would seem that cancer of the 
uterus is more frequent in brunettes. 

With respect to race, the extreme susceptibility of negroes to disease 
has always been maintained. In general this question is complicated by 
the interference of climatic and hygienic causes. 


II. EXTERNAL CxYUSES. 

1. ATMOSPHERIC influences. 

A. Atmospheric pressure. Atmospheric pressure is a tangible phe¬ 
nomenon, yet one which it is difficult to appreciate in its influence upon the 
body, because it seldom acts alone. There are two important factors united 
in atmospheric pressure changes; the quantity of oxygen in the air diminishes 
in equal volumes with the rarefaction of air, the loss of perspirable material 
increases with the rarefaction. 

The effects of increased atmospheric pressure have long been known to 
divers ; in more recent times these have been more accurately studied during 
the building of bridges by the pneumatic method, and in institutions where 
compressed air has been put to therapeutical uses (the so-called baths in 
compressed air—pneumatic institutions). In these conditions there occurs a 
momentary disturbance of the equilibrium of gases in the cavities in the tran¬ 
sition from a lighter to a denser air. This is made most frequently and most 
painfully evident in the air by a depression of the tympanum. Movements 
of deglutition which open the Eustachian tubes, as well as attempted expi¬ 
ration with closed mouth and nose (Valsalva’s experiment so called) equal¬ 
ize the atmospheric pressure on both sides of the tympanum. Severe and 
in part dangerous manifestations attend very sudden diminution of high 
atmospheric pressure, effects probably explicable by the increase of blood- 
pressure and by the formation of embolic stoppages in vascular areas by air 
which has suddenly been set free from the blood and has mingled with the 
circulation. These are nervous pains, hypersesthesia, muscular weakness, 
sometimes convulsions, etc. 

Similar phenomena appear in unnaturally dense air, as in breathing air 
too rich in oxygen. With respiratory movements of equal extent in such 
air there occurs a greater degree of oxidation and carbon-excretion than 
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while breathing under usual atmospheric pressure. There can be no question, 
probably, as to the after-effects of a stay in such air upon the chemistry of 
the respiration. Breathing in a pneumatic apparatus unconsciously and 
involuntarily is done with more distended lungs than under ordinary air pres¬ 
sure, and this (the lowered position of the diaphragm) is to be explained by 
the compression of the intestinal gases. The respiratory movements are 
deeper and less rapid (sometimes reduced one-half). The arterial blood- 
pressure decreases; the pulse becomes fuller and usually slower; the capil¬ 
laries are contracted ; the temperature rises. The cutaneous and pulmonary 
exhalations are diminished, the urinary secretion is increased accor ding to 
some authorities, decreased according to others; the appetite is greater; 
the body-weight increases. The subjective sensations experienced during a 
long-continued stay in compressed air are described as nearly always agree¬ 
able. Muscular movements are more easily performed; speech is impeded ; 
dyspnoea is often subdued. 

Compare Vivenot, Zur Kenntn. d, physiol. Wirk. u. d. therap. Anwend. d. rerdicht. 
Luft , 1868. Panum {Arch, der Physiol., 1868, 1, 2, u. 8 H). A. H. Smith, Effects 
of High Atmosph. Pressure , Brooklyn, 1878, and others. 

The effects of diminished atmospheric pressure have been observed on 
a large scale at high elevations; although there are superadded the influ¬ 
ence of cold and of various efforts which must affect the result. Expe¬ 
rience in the Alps, the Himalayas, and especially in the Andes of South 
America agree in that healthy persons feel nothing unnatural at a height of 
5,000 to 7,000 feet. It is only when an elevation of 0,000 to 18,000 feet, 
where the atmosphere is one half lighter, is reached, that shortness of breath, 
acceleration of the pulse, rapid exhaustion, and a remarkable immunity to 
the effects of alcohol are observed ; these together with weakness, headache, 
syncope, bleeding from the gums, nose, etc. 

New-comers upon those elevated parts of the Andes suffer from u punaf 
or “ sorochoff an acclimation disease, characterized by piercing chilliness, 
headache, and nausea. 

The same symptoms are observed in those who go up in balloons. 

Some individuals resist the effects of rarefaction of the atmosphere. The aeronauts 
Green and Bush ascended to an elevation of 27.000 feet, with a barometer standing 
at 10. 82" ; the first 11,000 feet having been traversed in seven minutes. Yet they 
experienced neither acceleration of the pulse nor quickened respiration, not even 
when they exerted themselves in throwing out ballast. Glaisiier attained a height 
of 38,000 feet. 

The redness and swelling of the skin, the occasional haemorrhages from the 
skin and from exposed mucous membranes, are easy of explanation. The 
same is true of the early outward bulging of the tympanum, with ear-ache 
and hardness of hearing. The chapping and cracking of the skin, and the 
consequent ulcerations, are dependent upon the co-existent dryness of the 
air. The loss of turgescence in the lineaments of the face, the diminution of 
perspiratory and urinary secretions, and the increase of thirst may be also 
referred to the same cause. The drowsiness, headache, and vertigo are 
probably owing to cerebral anaemia. The weakness is in part explained by 
the diminished firmness in the fixation of heads of bones in their sockets, 
particularly at the shoulder-joint, as well as by the rarefaction of the intes¬ 
tinal gases which impinge upon the diaphragm ; the shortness and quickness 
of breathing by the complete distention of the lungs; the increase of the 
heart’s action by the removal of pressure from the bloodvessels. 
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Under these circumstances contradictory phenomena show themselves in the sick. 
One would suppose that the release of the thorax (from the usual pressure) would 
operate favorably upon the pulmonary circulation, making it more active, and that, 
consequently, tubercular patients would derive benefit from a residence in high local¬ 
ities. This is indeed what occurs in many cases, independently of the fact that 
tuberculosis does not occur upon high mountains. Then we have the experience 
with compressed air, which used in unusually heavy amounts (2-3 atmospheres) has 
done good to many having dyspnoea; and which when employed systematically 
has much improved emphysematous and tuberculous lungs. 

If, now, the most extreme rarefaction of the atmosphere has little or no 
effect upon some persons, if a diminution of several inches of pressure is 
well borne by mountain travellers, it is not permissible to conclude that va¬ 
riations in atmospheric pressure, occurring in one locality and amounting 
to a few lines or one and a half inches of mercury in rise or fall, can have any 
important effect upon healthy persons. It may be said that it is not so much 
extreme changes, as permanently high or low barometric pressure, which 
gives a particular stamp to the epidemic constitution ; and yet man be¬ 
comes very easily acclimatized in the high regions. Perhaps it is only 
the frequency of variations which is injurious. 

The scanty empirical statistical investigations on this point have yielded results 
of doubtful value. According to Casper, mortality increases with the atmospheric 
pressure. This is true only in Berlin, or at all events Dresden, and a few years in 
Paris, but not at all in Hamburg, where a high barometric pressure is more favorable 
to life than a low one. It would seem that consumptives die in notably smaller 
number in Berlin during high barometric pressure than during a low one. In New 
York (observations extending over three years) it appears that pulmonary and ute¬ 
rine haemorrhages usually coincide with a falling barometer (Goslin, in Carist . 
Jakresb ., 1843, p. 186). 

We are enabled to observe the effects of diminished pressure upon limited 
parts of the body during the application of a cup. Under it blood accumu¬ 
lates, and in consequence of relatively increased pressure round about, exu¬ 
dations and extravasations take place. Naturally we cannot conclude from 
these alterations of equilibrium as to the consequences of generally dimin¬ 
ished atmospheric pressure, because the pressure is rapidly equalized in all 
the open cavities of the body, and the possible variations are not very 
great and sudden. 

B. The temperature. The effects of temperature upon the organism are 
either local, or general. The results vary according to the kind of tem¬ 
perature (heat or cold), according to the duration of its action, and accord¬ 
ing to the variations (so-called chilling) of temperature. In the medium 
temperatures the degree of inuring is of importance. 

(a.) The local effects of temperature. The various extremes of 
heat and cold which affect certain parts of the body, especially the external 
skin and the mucous membranes, cause various disorders of circulation, 
particularly anaemia and hypersemia, later different forms and degrees of 
inflammation, and at last (the so-called highest grade of burning and freezing) 
gangrene (compare this process). After extensive burns of the skin the 
temperature of the body sinks by several degrees, and does so because les¬ 
sened elasticity of the arteries produces a dilatation of bloodvessels and 
increased radiation. Another consequence of this dilatation is diminution 
of blood-pressure. These phenomena are frequently followed by death. 
Correspondingly large congelations of the skin do not come under our 
observation. 
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Werttieim ( Wochenhl. d. Gesdl. d. Wiener Aerzte, 1868, No. 13) observed in cases 
of burns made upon the chest and abdominal walls of dogs by means of often repeat¬ 
ed scorchings with turpentine, a constant, definite anatomical change in the blood. 
Venous blood drawn from the animal a few minutes after the burning showed, 
besides the normal constituents, a very large number of rounded bodies measuring 
.001 to .004 mm., having very much the appearance of round blood-corpuscles. Their 
number is sometimes as great as, and even greater than is that of the normal red cor¬ 
puscles, and the larger the more severe the burning, but they are always more nu¬ 
merous than in normal blood :—he also saw numerous red corpuscles, apparently in the 
act of segmentation, and from which the above described corpuscles had most likely 
derived,—many white cells (leucocytes) whose number was not rarely equal to that of 
the red corpuscles. And this experimenter had already discovered after burns that 
the temperature of the subcutaneous connective tissue just under the part burned 
reached 50°-70 C. immediately after the greatest burning, and he also constantly 
found melanine in molecular and flaky states along the capillary vessels in the focus 
of injury:—and, lastly, he always made out Bright’s disease of the kidneys after 
death. 

The cause of death after extensive burns is, according to many authorities, rapid 
inanition ; according to others, collapse (shock), etc. ; according to Falk ( Virchow's 
Archie, 1871, Bd. LIII. p. 27), it consists in paralysis of the heart, which is itself 
the result of suspended tonus of bloodvessels. 

The elfects of different temperatures upon cells, such as it may be observed in 
living animals, and by the use of the microscope and heating apparatus (the so-called 
moist chamber), will be studied farther on. In an increased temperature nerves and 
muscles exhibit an increase in irritability and contractility, although farther on (at 
49 ’-50 C. in man) this is followed by loss of vitality. Blood-corpuscles, glandular 
cells, etc., suffer in the same way. 

/5. The general effects of temperature. When there is prolonged 
exposure to a low temperature, such as precedes death by freezing (in our 
own regions, but especially during voyages in the arctic countries), there 
ai’e noted diminution of the desire and possibility of moving, followed by 
inability to move, dulness of the senses and the intellect, stupidity, irre- 
sistible inclination to sleep, unconsciousness, and actual death. The imme¬ 
diate cause of all these phenomena is probably anaemia of the brain. 

Waltiier ( Virchow's Archie, XXV., p. 414; Berlin. Centralblatt, 1864, No. 51, 
and 1865, No. 25) has performed experiments upon the influence of cold, placing the 
animals in a tin box, which they completely filled, and which box was wholly sur¬ 
rounded by a freezing mixture of ice and salt—the head of the animal being allowed 
to project through a small opening in the box. An animal, cooled to 18 or 20 C., 
and then placed in a medium of the same degree of heat as that proper to the animal, 
was not able to recover its normal temperature (Bernard, Lemons, etc., 1856). If 
the animal was exposed in a slightly colder medium, as, for example, to ordinary air 
temperature, it became cooler and cooler, and ultimately died. If the animal was 
taken out of the tin box it was unable to stand upon its feet, but lay motionless upon 
its side. Nevertheless, voluntary motion, reflex movements, and sensibility per¬ 
sisted. The heart-beats became, very few—redxxced to 18-20 per minute. The respi¬ 
ration wholly ceased, or became very rapid, though imperfect. All the excretions 
were suspended, especially the urinary. The creature’s eyes remained wide]} 7 open. 
A definite degree of animal heat, at which the functions of the nervous and muscular 
systems ceased, could not be made out; death taking place under various circum¬ 
stances at different degrees of body-heat. Animals which died or were killed during 
the process of refrigeration, exhibited a constant hyperaxmia of the lungs, with sei'ous 
exudation in the parenchyma and bronchi. In white rabbits, which died by freezing, 
Walther saw the fundus of the eye become quite pale just before death : then fol¬ 
lowed convulsions and death. The author explains this phenomenon by anannia of 
the nervous centres consequent upon the diminished heart’s action. Refrigerated 
animals may be restored to the normal degree of heat by artificial heating to 39 C. ; 
by artificial respiration, only when, however, the temperature of the surrounding air 
is not more than 2° or 3° C. lower than the normal heat of the animal. The means 
by which the organism is overcome iix the conflict with approaching refrigeration 
(heat-inanition) are, contraction of the tissues and capillaries in the superficial parts 
of the body, and by the diminution of the frequency of cardiac contractions. 
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During the prolonged action of an elevated temperature, the skin first 
becomes warm, moist, and later covered with a profuse sweat; the respira¬ 
tions become quicker, the pulse is smaller and accelerated. Later the sub¬ 
jective feeling of heat becomes more and more severe and more disagreeable, 
the skin becomes dry, and headache supervenes. With peculiar symptoms 
death then ensues (sun-stroke or heat-stroke, so called). 

According to Fordyse, Blagden, and others, the following symptoms have been 
observed in men exposed to a temperature of 100° C. and over : the skin is much 
reddened, the perspiration is increased, the pulse becomes more frequent, and the 
temperature itself rises by 1° or 2 (some 2° or 3 ', if the air is overchai’ged with 
watery vapor, as in the Russian bath). The exposure cannot be prolonged beyond 
ten or fifteen minutes. 

Obernier (in his work entitled Der Hiteschlag , 1867) has made an experimental 
study of the effects of high temperatures (40 C.). Animals who remain a long 
time exposed to a temperature a few degrees higher than their own body-heat, ex¬ 
perience a rapid increase of body temperature ; this being caused by the interference 
of a circumambient high temperature with radiation of heat from the body. This 
radiation ceases the moment that the temperature of the air equals that of the body. 
In such a temperature 77 per cent, of the increased heat (in man) is retained in 
the body, unless certain regulators of body-heat show increased function. This 
moderation of increased heat is brought about by perspiration and increased evapo¬ 
ration in the heated external air ; by quickened respiratory movements and the re¬ 
sulting loss of water ; by heating of the blood and bloodvessels ; by increased mictu¬ 
rition. The body-heat is notably raised by movements, especially when the air 
temperature is nearly equal to or excels the body-heat. The rapidity of evaporation 
diminishes with the greater dampness of. the air, more particularly in a calm. The 
animals exhibit very much increased respiratory and cardiac action. If their body 
heat reach 44° C. there usually appear strong convulsions. After these the animals 
are unconscious, their respirations are deep and few, the pulse hardly perceptible, 
the mucous membranes cyanosed. They die with a rapidly increasing body-heat 
(up to 45 C.) and convulsions, if they receive neither food nor drink in from two to 
four hours. The heart is in a paretic state even before death. After death the right 
side of the heart is found distended with blood, the lungs and brain show passive 
congestion. 

WALT HER {Med. CentralbUitt, 1807, No. 49) has experimentally investigated the 
action of radiating heat upon the animal frame. He found that rabbits and dogs were 
killed in one or two hours by the direct heat of the sun in an atmospheric tempera¬ 
ture of 21-31° C. During this period the heat of the animals (measured in the rec¬ 
tum) measured 44° to 46 C. The animals thus exposed died cyanosed, with ex¬ 
tremely rapid respirations and heart-beats, with tetanus and dilatation of the pupil. 
The muscles were rendered turbid, appeared distinctly striated in the longitudinal and 
transverse directions, as after boiling. 

The post mortem changes observed by Obkrnier are substantially the same as 
have been seen in human beings who had died of sun-stroke. (Compare Schmidt's 
Jahrb. , CXXIX., p. 292.) 

The general influence of extremes of heat and cold, as they occur in our 
temperate climate, is not unfavorable to the performance of all func¬ 
tions, because the organism quickly and easily accommodates itself to 
the various not excessive changes of temperature. The large loss of heat 
in winter causes increased heat production, and the less deperdition of 
heat in summer causes a diminution of body-heat; both so corresponding 
that an almost uniform temperature is the result. During exposure to 
cold, the low temperature and the diminished cutaneous circulation dimin¬ 
ish the radiation of body-heat, and the perspiration, thus preventing the 
cooling by evaporation. During exposure to heat the evaporation of the 
much-increased perspiratory secretion is a most important refrigerating 
agent. With increasing cold, the number and depth of the respiratory 
movements, the carbonic acid of the expired air, the volume of inspired 
air, and the absolute quantity of carbonic acid, probably also the aqueous 
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vapor, as well as the absorption of oxygen, are increased. The absolute 
amount of fixed urinary ingredients is augmented. These results render 
possible the bearing of extreme degrees of heat and cold, especially when 
those parts which are most exposed to heat (the head), and those which 
suffer most from radiation in the cold (extremities, nose, ears), can be pro¬ 
tected. Under such circumstances the limits of temperature compatible 
with human existence are pretty large. An atmospheric temperature of 
from +12° to 32° C. is that best endured by the human body. It may, how¬ 
ever, support a heat of +- 50° C. (which is felt in hot countries only in the 
sun), and a cold of —4(3° C. (which may be met with in Siberia). In order to 
support life at these extreme temperatures it is necessary that the body 
should have the benefit of all natural aids : in order to resist cold one must 
be warmly clad, keep up active movements, and eat nutritious food ; in hot 
weather one must drink a good deal in order to obtain cooling by the evap¬ 
oration of the perspiration, and keep quiet. 

Atmospheric temperatures which equal or surpass the normal body heat (37 5 C.) 
become difficult to bear, because our skin is accustomed to feel a cooler surface on 
the outside than on the inside. Habit here does a great deal: in summer a tempera¬ 
ture of 25 C. is delightful, while in winter it would appear unendurable. A few de¬ 
grees of heat (10 3 to 15 s C.) are very agreeable in winter, yet at such a temperature 
in summer we should complain of being cold, even if we were warmly clad. 

Endurable temperatures may derange health in two ways : either by their 
uniform long continuance, or by sudden variations. 

What may be said of the results of long-continued, uniform, extreme tem¬ 
peratures, is based upon the comparative statistics of diseases, or merely of 
the deaths, studied in years or in climates in which high or low tempera¬ 
tures have prevailed. The general result, as concerns death-rate, is that 
the greatest mortality occurs in the coldest months, and the least mortality 
in the warmest months. March and April are the months in which we 
find the greatest number of deaths in the climates which have been stud 
ied. A large proportion of these deaths are not caused by diseases which 
have developed in these months, and which consequently were influenced 
by temperature, but by older affections, which have gone on to a fatal ter¬ 
mination under the influence of temperature, and more by its variations 
than by its absolute degree. 

It is interesting and even more important to attempt to ascertain the 
number and nature of morbid states which arise under varying conditions 
of temperature. The results of such an inquiry are different in various 
localities, but nowhere do we obtain a maximum in winter. The majority 
of diseases occur either in the spring, or in the summer, or are equally di¬ 
vided between each. As regards the nature of disease, we can say with accu¬ 
racy that the respiratory organs suffer more in winter and spring than in 
summer, and in tropical countries the digestive organs and the glands (the 
liver) are more commonly affected. We may also sav that brain affections 
in general, and tetanus, are more frequent in the summer; sudden deaths 
and apoplexy are more often seen in winter and spring than in summer and 
autumn. As regards epidemics, cholera and dysentery are more common 
in summer; scarlet fever, measles, small-pox most frequent in winter and 
spring ; typhoid fever appears most often in summer, fall, and winter, sel¬ 
dom in the spring; in our countries intermittent fever appears only in 
spring and autumn. Still, in epidemic and endemic diseases the tempera¬ 
ture of the air is not the only causal influence, as is best seen in the case of 
the plague. 
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The organism suffers more often and more severely by sudden changes of 
temperature than by a long continuation of an extreme degree of heat or 
cold, and even by the contrast of temperatures which by themselves are 
perfectly bearable and have been often borne without evil result. This 
phenomenon is called “ catching cold,” or refrigeration. This operates 
to the most marked detriment of health, if the differently heated air is in 
rapid motion (draught), and if it strike against a portion of skin which was 
previously covered, or which is actually perspiring. 

With this understanding, “ catching cold ” may be designated as an {etio¬ 
logical fact. Of the truth of this every one, even the most incredulous, may 
become convinced. But this {etiology is often misapplied by lay people, and 
by some physicians referred to thoughtlessly, and the phenomena remain 
shrouded in much darkness. 

Many healthy and sick persons doubtless expose themselves day after 
day to changes of temperature, and yet experience no evil results. If the 
temperature of a room be -j-15° and that of the outside air —15°, we ob¬ 
tain a difference of 30°, and yet fewer people catch cold in the depth of 
winter than in spring and summer, when the difference is of a few degrees. 
In cold weather we take particular pains to protect ourselves, and people 
of a northern climate are much more careful in this respect than those 
of southern countries, or even than the inhabitants of central Germany. 
If we expose ourselves daily to such changes of temperature, we can¬ 
not determine with accuracy whether a disease which appears in us is con¬ 
nected with a refrigeration. When the disease has made its appearance it 
becomes very easy for every one to remember having “caught cold.” These 
considerations are not, however, sufficient to deny the possibility of the 
sequence. Two phenomena testify to the association of a disease and refrig 
eration: either the person refrigerated feels disagreeably at the time of 
catching cold, soon becomes chilly; or, secondly, there soon follow general 
morbid sensations, and the beginning of decided symptoms of disease. This 
occurs so often that we are authorized to assume a relation between the 
refrigeration and the disease. 

The diseases which certainly arise in this way, are particularly the so- 
called rheumatic affections; that is to say, those morbid states of the joints 
and muscles attended by wandering pains, as well as catarrh of the mu¬ 
cous membranes—of the nose, larynx, bronchi, of the intestines, particu¬ 
larly of the large intestines. More doubtful is the connection between re¬ 
frigeration and the more severe endemic and epidemic diseases, concerning 
which we know that they certainly develop without refrigeration. Still 
it cannot be denied that in cholera-seasons refrigeration may be the 
proximate cause of an attack of cholera ; and that after chilling, an inter¬ 
mittent fever will show itself after the individual has long been removed 
from the influence of the miasm. 

Another point is the relation of the chilled surface to the organs lying 
near. Refrigeration of the neck causes, it is well known, catarrh of the 
larynx, that of the chest, bronchitis ; a cold in the head is easily produced 
by passing from a warm room into the cold air (and vice versa) ; disorders 
of menstruation are produced by chilling of the feet; diarrhoea very often 
is set up by refrigeration of the skin of the abdomen. But then we also 
meet with another result, viz., that if an individual has a so-called tender 
part (pars minoris resistentice), that part becomes diseased, no matter where 
the chilling may have acted. 

We have no further positive knowledge of the doctrines of refrigeration 
(catching cold). The notions which have been advanced concerning the 
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connection between refrigeration and the diseases which arise from it, 
are separable into three theories. In the first place, it is claimed that the 
cutaneous secretion is arrested by the chilling, that consequently injurious 
substances are retained in the blood, and that the local diseases which follow 
upon the chilling depend upon the deposit of these substances. All three 
elements upon which the theory rests are pure fictions. (1.) It is by no 
means certain that the exhalation of liquid from the skin can be mate¬ 
rially deranged by chilling: (2.) no one lias ever seen the poisonous 

material which is said to be retained in the blood: and (3.) it has never 
been discovered in the diseased part. 

Above all, the phenomena which occur after a complete arrest of the 
perspiration by varnishing or lacquering of the skin of animals deprived of 
feathers or hair in nowise resemble those which ensue after catching cold. 
A second view seeks for an explanation of the morbid state by supposing a 
transient suppression of the cutaneous secretion and its reaction upon tis¬ 
sue metamorphosis, causing in a measure a mechanical reflux of the animal 
liquids. A third theory refers to an affection of the nerves of the chilled 
skin, and to their connection with the nerves of other organs. The activity 
of the skin exhibits itself in the excretion of sebaceous matter, and of water 
with constituents held in solution, which latter ajipears in tliefonns of sweat 
or of vapor as insensible perspiration. Because of its purely local relations, 
and of its incapacity for evaporation, the sebaceous matter may be left out of 
consideration. The aqueous excretion varies extremely, according to the 
degree of external temperature and the amount of corporeal activity. A 
draught of air, however, which strikes upon a moist surface, must produce 
a much greater refrigeration of the part than if it passed over a dry sur¬ 
face, and in the first case its influence upon the tissues of the skin, and 
upon the nerves in particular, must be more intense and deeper than in the 
second case. Furthermore, the energy of the action upon the peripheral 
expansion of a nerve, or upon the nerve trunk itself, is influenced by indi¬ 
vidual peculiarities. We may well conceive that by a certain degree of 
refrigeration other nerve tracts, particularly the sensitive and vaso-motor 
may be put into a state of irritation through their connection with the 
chilled nerves. In this manner the influence of chilling may be more easily 
explained than by the assumption of an arrested exhalation of excretion 
products. 


The dangerous effects of arrested perspiration were already known to Santorio 
(1 (il4). There are experimental researches upon this subject by Fouhcault 
(Comptcs rendus. 1838) ; Ducros ( Froriep's Not., 1841) ; Becquerei, and Bresciiet 
{Arch, gen., 1841, XII., p. 517) ; Gi.uge ( Abh. z. Phys. u. Path., 1841) ; Magendie, 
(Gaz. Med., 1840, Dec.); Gereacii (Muller's Archiv, 1851. p. 407) ; Vaeenttn 
(Archiv f. phys. Heillc.. 1858, p. 433); Bernard (Lemons sur les proprieth phys. des 
liquides de Vorganisme, 1859, II., p. 177); and lately bv Edeniiuizen ( Zeitschr . fur 
rat. Med., C. XVII., p 35). 

The experiments undertaken by Edenhuizen upon various animals before or after 
shearing or plucking, by means of different substances (mucilage of gum arabic, lin¬ 
seed oil, linseed-oil varnish), showed that after smearing of the entire surface of the 
body, the animal, rabbits for instance, died in from 5 to 53 hours, after having exhibited 
the following symptoms : great trembling, extreme restlessness and dyspnoea, together 
with paralytic symptoms, tonic and clonic spasms followed by an apathetic state, 
with rapid diminution of body-heat, of the respiratory and cardiac movements. The 
urine was in most cases secreted in unusually large quantity, was of a high specific 
gravity, and sometimes, after a few 1 ours, contained albumen. Examination post 
mortem showed hypenemia of the muscles, the lungs, liver, and spl.-en, more or less 
marked serous effusion in the serous pouches and in the subcutaneous connective 
tissue, ecchymoses of the gastric mucous membrane. Wherever the coating extended 
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the skin was found also hypenemic. Upon its internal surface there appeared 
a strong development of bloodvessels, which at the limits of the varnish coat showed 
quite a distinct limitation to the covered parts. Numerous lymph-corpuscles were 
found in the serous effusion of the connective tissue, and (also in the peritoneum of 
most of the animals) crystals of triple phosphate ; these last being found even when 
the examination was made immediately after death. 

C. The moisture of the air. The atmosphere is never absolutely 
dry. We call it dry, however, when-it does not contain as much moisture 
as it might contain at the existing temperature ; saturated when it does 
contain as much; and damp when relatively to its heat it holds much 
water. At a higher temperature the air can take up much more water in 
a given volume than at a lower. A warm air does not, however, seem 
damp to us because much of the water it contains is in the state of vapor; 
a cooler air containing the same amount of moisture feels damp to us 
because its water is easily condensed, the more so when the fall of tempera¬ 
ture is sudden. The dew, the dampness of our clothing are indices not so 
much of the absolute moisture of the air as of its cooling. 

The air is dryest in the early afternoon, and moistest about sunrise. 

Other things being equal, the body, i.e., the skin and the lungs, exhale 
more water when the air is dry, less when it is damp. In the latter case 
the urinary secretion is more abundant, in the former scanty. A cold and 
moist air withdraws much heat from the body, whereas a warm and dry air 
increases the body-heat; cold and dry air increases the expenditure of heat 
from the body, and we feel much colder under these circumstances than in 
damp air of a similar temperature. Cold dry air, by removing much fluid 
from the blood, causes congestion of the lungs. Wann and damp air most 
impedes the radiation of heat from the body through the skin and lungs, 
causes exhaustion of the muscular and nervous systems, restrains the res¬ 
piration, diminishes the appetite, impairs digestion, and increases the per¬ 
spiration. 

With reference to epidemics, no results have been obtained from the estimation of 
the amount of moisture in air. Mortality, according to Casper, seems to be less in 
damp months, and greater in the dry (cold or hot) ; but this is only probably depen¬ 
dent upon the extreme degree of heat and cold. 

Pettenkofek (in Zeitschr. f. Biologie, I., p. 181) discusses the modus operandi of 
wet feet. If we come from out of doors with wet feet into a warm room with dry 
air, a marked evaporation commences. If we have only an ounce and a half of 
wet woollen material on our feet, the water it contains will need so much heat for 
its evaporation that with it a half pound of water might be raised from 0° to the 
boiling-point, or more than a half pound of ice melted. 

Fog is made up of water molecules. It is not included in the moisture. It acts 
principally as a cooling agent, and does not diminish the capacity of the air for the 
absorption of moisture. 

D. Composition of the air. The air which surrounds us, and which 
we breathe, is seldom entirely pure, but is usually adulterated in a greater 
or lesser degree. The substances mixed with it are mechanically or chemi¬ 
cally injurious. 

These facts are turned to practical account in the treatment by inhalation. 

(re.) Mechanical impurities. Pidverized substances held in suspension 
in the air seldom act upon the skin, but do so more often upon the con¬ 
junctiva, where they produce irritation and inflammation. Their effect 
upon the air-passages is, however, most important; an effect frequently 
observed. These particles are in part caught by the mucus of the tubes, 
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then expelled by means of the vibratile ciliary movement, and l>v hawking 
and coughing. A part, however, reach the air-vesicles, penetrate their 
epithelium and walls, and either remain imbedded in the interstitial tis¬ 
sue, or are carried by the lymphatics to the interlobular and subpleural tissue 
(even in false membranes accidentally present) and into the bronchial 
glands. 

The inhaled substances are for the most part dusts, especially street- 
dust, chimney and lamp soot; more seldom substances which are set free 
during the industrial development of their activity (coal-dust by workers in 
coals, by men employed in iron-works, by charcoal-makers; sand-dust 
and particles of flint by stone-cutters and grinders; fibres of flax, cotton, 
etc., by weavers ; meal by millers and bakers ; iron, and its oxide or pro¬ 
toxide by steel-grinders, goldbeaters, looking-glass polishers, and others; 
tobacco-powder by tobacconists ; color particles by painters ; silicate of alu¬ 
mina by ultramarine-makers, etc.). 

The proofs that these substances are inhaled are given in part by laryn- 
goscopic observation, in part by the examination of the sputa, but chiefly 
by a study of the affected organ itself; the identity of substances found 
in the organ, with those known to be suspended in the atmosphere being 
established by microscopical and chemical methods. This succeeds best in 
the case of certain characterized substances (charcoal, iron, silicates, etc.), 
while in the case of such as resemble the melanine grains derived from 
blood pigment, only an approach to certainty can be reached. And, lastly, 
the transportation of particles can be experimentally demonstrated; for 
after it had been known that in animals subjected to the same conditions 
as man, a lung affection just like the human coal-lung w’as developed, 
experiments upon young, or confined animals gave the same result. 

The consequences of the inhalations of dust-like substances depend upon 
their amount, their kind (sharp dust-particles, such as those of granite, 
steel, ojterate most injuriously), and the condition of the respiratory pas¬ 
sages. They consist of, in the first place, irritation of those passages, wflth 
consecutive hawking and coughing, later in hyperaemia and catarrh of the 
bronchi. The substances imbedded in the lung-tissue proper, in small quan¬ 
tity, as in present conditions may be seen in human beings of all ages (the 
so-called lung pigment, anthrakosis of the lungs), do no particular harm. 
Larger quantities cause diminution of the respiratory surface, diminution 
of the elasticity of the lungs; later we have capillary bronchitis, catarrhal or 
interstitial pneumonia (fibrous or purulent) with their complications, pig¬ 
mental induration in the shape of small, very hard, shot-like nodules, 
which are sometimes colored black throughout, in part white in the centre— 
bronchiectasis, the so-called chronic tuberculosis: 2 )neumono ^' on ^ os ^ s an ~ 
thracotica, siderotica , chalicotica, etc. 

Bubbe, De Spa done Jdppocrat.ico lapieidarum Seebergenmitn, etc. Halle, 1721.— 
Ramazzini, l)e morbis artificum, 1717.— Pearson, Phil. Trans., 1813, II., p. 159.— 
Laennec, Traite deVauscvlt. medicate , 1819.—E. H. Weber, Hildebr. Anat., 1832, 
IV., p. 219.— Gregory, Edinb. Med. and Sure/. Journal , 1831, XXXVI., p. 389.— 
W. Thomson, Med.-Chir. Trans., 1837. XX.. p. 230, 1838, XXI., p. 341— Graham, 
Edinb. Med. and Sure/. Journal , 1834. XLII., p. 323.— Brockmann, IMe metaU. 
Krankh. dcs Oberharzes, 1851.— Trai be, Deutsche Klinik , 1800, No. 49 u. 50.— Ber¬ 
lin. klin. Wochenschr ., I860, No. 3.— Villaret, Cas rares d'anthrac., 1802.— Crocq, 
Presse med. Beige, 1802, No. 37 If.— Lewin, Beilr. z. Inhal. - Theerap. , 1803.—Krss- 
maul, Arch. f . klin. Med., 1800, II., p. 09. —Zenker, Ibid., p. 110. —Rosenthal, 
Wiener Med. Jahrb., 1800, XI., p. 97. —Knauff. Virchow's Archiv, 1807, XXXIX.. p. 
442.— Slavjansky, Ibid., 1809, XLVIII., p. 320.— Merkel, Archiv f. klin. Med., 
1871, VIII., p. 200, IX., p. 00.— Hirt, Die Staubinhalationskrank , 1871. 
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For the parasitic forms contained in the air, vide infra . 

The various striking colors of the hair (green, red, blue) are produced by the de¬ 
posit of various pigments (copper, indigo, etc.), and not by true chemical combina¬ 
tions. 

/ 3 . Chemical Impurities. —The gaseous constituents of the air in open and 
in ordinary inclosed spaces do not undergo as much change as one might 
expect they would. The proportion of oxygen and nitrogen always remains 
the same (21 volumes of oxygen, 79 volumes of nitrogen) even in over¬ 
crowded rooms; there appear, however, in such places a small increase of 
carbonic acid, some ammonia, the fluid acids of the sweat, as well as occa¬ 
sionally the putrid organic substances of evaporation. The best known of 
these changes consists in the proportion of carbonic acid, of which normal 
air contains from 3 to 8 parts in 10,000. If the amount surpasses 1 per 
cent., the atmosphere becomes unhealthy; if there be more than f per cent, 
it will do harm if long breathed. 

Although it is certainly more healthy to breathe pure air, yet it cannot 
be said that definite diseases are produced by air made impure by human 
exhalations. If factory hands, children who overfill school-houses, look 
pale, are anaemic and scrofulous, it must also be borne in mind that they 
cannot procure many things essential to good health, such as nutritious 
food, etc. 

The contamination of the air by large amounts of carbonic acid, carbonic 
oxide, hydrogen, ammonia, carburetted hydrogen, arseniuretted hydrogen, 
ether, chloroform, some of which act in a negative way (asphyxia by car¬ 
bonic acid, nitrogen, hydrogen), others doing positive injury (carbonic ox¬ 
ide, carburetted hydrogen, sulphuretted hydrogen, arseniuretted hydrogen), 
will be treated of under the head of poisons. 

Gases and mixtures of gases, in their relation to respiration, are divisible into four 
groups (Vierordt, Ranke, Hermann) : 

1. Atmospheric Air. —This alone can be breathed indefinitely long. In uncon¬ 
fined spaces its composition is always found uniform, and even in closed rooms in 
which there are many persons congregated, the CO . cannot easily surpass 1 %. Pet- 
tenkoekk found 1 part in 1,000 parts of air in a sitting-room without ventilation, 
in a lecture-room from 1 to 3, in a school-room 7 (others as much as 0.4), in a com¬ 
mon room at an inn (after guests had been in it several hours) 4 to 5 parts. Leblanc 
found in the parterre of a theatre 15 parts p. in. (per mille), in the highest part of the 
theatre 28 parts p. m. of CO. after the performance. As soon as air contains more 
than 2 to 3 parts p. m. of CO, it becomes offensive to us, by reason of the admixture of 
certain organic products of exhalation, whose exact nature is unknown. 

Carl Breiting ( Vierteljahrsb. f . off . Gesundheitapflege , 1870, II., p. 17) has given 
us information concerning the increase of carbonic acid in school-rooms during the 
hours of instruction. In a. school-room he found : 
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Small relative increase of oxygen occurs under a high barometer in cold weather ; 
a diminution is observable in long, hot summers, in tropical climates, in mid-ocean, 
and upon high mountains. Greater increase of oxygen is made use of for therapeu¬ 
tical purposes in the so-called pneumatic cabinets (see p. 56). 

2. Gases wiiicii, while not positively injurious, do harm by excluding 
Oxygen. —Nitrogen and hydrogen, and, to a degree, carbonic acid. Asphyxia occurs 
because the inspired air does not contain oxygen enough to supply to the blood-cor¬ 
puscles the quantity required for the maintenance of the normal composition of the 
blood. In an atmosphere composed of these gases, the sense of want of breath is 
felt as soon as blood issues from the lungs in a venous state ; mammals are apparently 
5 
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dead in 2 to 3 minutes later. In pure nitrogen gas, carbonic acid is separated from 
the blood, and nitrogen taken up, but only in small quantities. Similar phenomena 
are observed during the inhalation of hydrogen, and, to some extent, during that of 
CO,. 

3. Mixture op Gases op the Second Group with Oxygen. —If the nitrogen 
of the air be replaced by hydrogen, the animal continues to breathe without diffi¬ 
culty ; an increase in the absorption of oxygen, as well as in the exhalation of car¬ 
bonic acid and nitrogen, takes place, the hydrogen remaining almost unaltered. In 
a certain sense, protoxide of nitrogen is a substitute for oxygen. It may be inhaled 
in large quantities, causing exaltation symptoms, a condition like drunkenness, etc. 
Under these circumstances much of it is absorbed, and from its decomposition car¬ 
bonic acid and nitrogen are given off. 

4. Gases which are positively Injurious. —They produce decompositions 
when taken into the blood ; many, such as chlorine, ammonia, the nitrites, also pro¬ 
duce strong irritation of the respiratory organs, abundant secretion from the bronchi, 
cough, and laryngismus. Among the most poisonous gases are carbonic oxide, carbu- 
retted hydrogen, sulphuretted hydrogen, arseniuretted hydrogen. Carbonic oxide, 
to which ingredient (10, 12, and more per cent.) illuminating gas owes its poisonous 
properties, unites with the coloring matter of the blood to form a carbonate of haem¬ 
oglobin, and by it oxygen is wholly driven out of the blood. Blood-corpuscles charged 
with carbonic oxide cannot take up any more oxygen ; the blood is of a dark cherry- 
red color. The poisonous gases in privy-vaults are carbonic acid and sulphuretted 
hydrogen. The carbonic acid acts in part negatively, in part positively, by an action 
upon the central nervous system ; it suddenly kills ganglion-cells. The sulphuretted 
hydrogen acts by losing its hydrogen, which forms water in the blood, thus setting 
sulphur free; the blood is at first yellowish green, later black. 

Ozone deserves a special mention. It is, as is well known, a modification of oxygen, 
which has greater oxidizing power, and which is set free by every discharge of elec¬ 
tricity, and also during sudden processes of oxidation, as, for example, when phos¬ 
phorus is shaken with air even in the dark. Ozone plays an exceedingly important 
part in the animal organism in its relations to respiration. 

It cannot be doubted that the blood-corpuscles carry the oxygen of the atmosphere 
into its chemical activity. A proof of this is afforded by the behavior of hydrocy¬ 
anic acid. When it is introduced into the blood in small amount, it causes death by 
asphyxia, by bringing about a cessation of oxidation processes and metamorphosis of 
tissue; added in similar proportion to blood-corpuscles it destroys their capacity 
(which they have in the same way as platinum) of decomposing the peroxide of hy¬ 
drogen. Hydrocyanic acid also destroys the power of blood-corpuscles to change the 
condition of oxygen, and thus demonstrates the very intimate relations existing be¬ 
tween the corpuscles and this element. Hence follows the great importance of ozone 
in the vital processes. 

Physicians are altogether too much inclined to connect the ozone of the air with 
diseases. Inasmuch as ozone irritates the mucous membranes, for a long time all 
epidemic diseases, particularly influenza, -were thought to be dependent upon an in¬ 
crease in the amount of ozone. In the last two years the ozone contained in the air 
has been frequently and thoroughly investigated. These investigations have shown 
no special relation of ozone to inflammatory diseases, which it should have increased, 
and none to miasmatic affections (typhoid fever, cholera) in which it was thought it 
would be diminished. 

Ozone may influence health by destroying fetid gases which develop from decom¬ 
posing animals and vegetables. The therapeutical use of ozone against acute and 
chronic diseases, particularly the so-called septic diseases, has been of late again 
recommended. 


e. THE ELECTRICITY of the atmosphere. 

That lightning sometimes suddenly kills men and animals, sometimes 
lames and stuns them, is well known. Wounds are not always found in 
these cases. Ttis also known that the muscles contract when an electrical 
current is applied to them, or broken. It is a very different thing, however, 
with the electricity of the atmosphere and its degree of tension. Its influ¬ 
ence upon health is very questionable, or at least little understood. 

For a study of the electricity of the skin, see Klemm, Deutsche Kli/nik , 
1872, No 41,'48. 


WIND AND LIGHT. 


67 


f. MOVEMENTS OP THE AIR. 

A calm is dangerous, because during its continuance the products of de¬ 
composition of animals and plants, as well as marshy exhalations, are not 
dispersed. The warmer the air the more dangerous is the calm. 

We call it a calm when, in the open air, the atmospheric current does not exceed 
one-half metre per second (Pettenkofer). 

A moderate wind is wholesome, since it purifies the air by promoting 
diffusion of its constituents. It occasionally becomes injurious by trans¬ 
porting dust and miasmata. Strong winds are dangerous for those having 
pulmonary diseases, because they render respiration more difficult. 

The direction of winds is of interest, because upon that depend the heat 
and moisture of the air. East winds are cold, or cold and dry ; northerly 
winds cold, and oftener damp than dry; westerly winds are damp; south 
winds warm, sometimes damp, sometimes dry. The influence of winds upon 
the conditions of some few healthy persons, and many persons with pulmonary 
disease, is very various. Their influence upon the development of disease is, 
however, very obscure. With north and easterly winds catarrhs are made 
worse; pulmonary diseases are set up during the prevalence of any other wind 
as well, and particularly on spring days with westerly winds, on cold days 
with an east wind. The dry south wind of southern countries called Fuhn 
in Switzerland, Sirocco in Italy, Chamsin in Egypt, is very exhausting, and 
has a peculiarly evil influence upon new-born children and. new-comers 
(immigrants). 

g. LIGHT. 

The optic nerves may suffer from too much and from too little light; and 
conjunctivitis may also be produced by dazzling by snow, or by sand parti¬ 
cles. Excited or maniacal persons become calm more easily in the dark 
than in the light. We cannot positively say that light is quite as neces¬ 
sary for animal life as for the vegetable organization. It is true that per¬ 
sons inhabiting dark places, deep valleys, that chamber workmen become 
anaemic and scrofulous; and it has even been asserted that cretinism was 
caused by the darkness of narrow mountain valleys. Such questions are 
not so easily solved, because many other influences, such as dampness, in¬ 
sufficient food, etc., co-operate to produce the result 

Winslow, Light: its Influence on Life and Health, London, 1867.—For the influ¬ 
ence of light upon the development of various diseases of the eye, particularly myo¬ 
pia, consult Coiin. 

No other influence can be attributed to the sun than that of heat and 
light. This is very important for the preservation of health, inasmuch as 
the movements of the air of dwellings is facilitated by it, and by it the air 
is kept dry. Convalescents are always very comfortable in the sunshine. 

We do not know of any effect of the moon upon the origin and course of 
disease. 

The influence of weather and of seasons is made up of the already studied 
factors—heat, moisture of the air, etc. In the matter of climate ( vide infra) 
we must, besides, take the soil conditions into account; and, besides, the 
kind of food, clothing, dwelling, have an influence which is not wholly to 
be eliminated. 

As regards seasons and weather, the most important points have already 


68 


THE SOIL. 


(see p. GO) been spoken of. Sudden changes are the most effectual condi¬ 
tions; thus there is an increase in the number of cases of disease upon the 
recurrence of the first cold of winter (pneumonia, especially in children 
and old persons); in the spring the first warm days with east and north 
winds (catarrhs, pneumonia); the summer time being, however, particu¬ 
larly dangerous, if cold nights succeed very warm days (cholera, dysen¬ 
tery)- . . . . . 

In general it may be said, that damp, rainy, cool weather is healthier 
than fine weather with dry air; more severe diseases occurring in the lat¬ 
ter condition. 


2. THE SOIL. 

The geognostic constitution of the soil exerts an influence upon man 
partly by the so-called soil-water which it contains, and partly by the drink¬ 
ing-water which flows through it. 

Wherever there is not under us naked solid, impenetrable rock, we find 
water under a number of porous layers of earth. This water fills the pores 
of the strata in which it is ; filling those in the lowest strata completely, 
excluding the air wholly, and is then called underground water ; or, it lies 
in close relation to air as it does just above the surface of the underground 
water, in which case the layers are termed moist. 

As a rule, the underground water is found in greater or less quantities 
upon the uppermost stratum which is impervious to water, and is usually 
sufficient to supply the wells of the locality. Usually it is found only in 
a single stratum, though we not rarely meet with another (or several) 
impermeable layer above the water, on top of which a moderate amount 
of water exists, at least temporarily—the so-called stratum water. This 
usually will not suffice for the feeding of wells, and often disappears in 
drouthy seasons. In the making of wells care is taken to traverse these 
sources of stratum water in order to reach the underground water proper. 
Even if stratum water be found in abundance, it is not usually fit for use, 
being often contaminated by its proximity to the surface. The depth at 
which underground water is found, varies from five to twenty to thirty 
metres and over. The impervious stratum upon which it rests is usually 
a clayey, moderately hard rock ; upon this there are loamy and sandy layers 
of variable extent and thickness, interspersed here and there with clay, 
which allows of the accumulation of stratum water; next there is the so- 
called roller layer, made up of larger stones; above all lies the humus. 
All these layers are filled with air, are temporarily or, as a rule, more or 
less moist; the dampest layers are nearest the underground water, and 
are sometimes invaded by it. The amount of underground water at a 
given spot depends upon :—first, and principally, upon the amount of atmos¬ 
pheric precipitation; second, upon the flow of water from higher localities ; 
and lastly, upon the amount of water in streams. Local complete absence 
of water is due to hilly or wave-like upheaval of the impervious strata; a 
superabundance of water is produced by a basin-like depression, in which 
the water of higher places accumulates. The abundance of water in a 
locality must of necessity vary at different times, according to the atmos¬ 
pheric precipitation and the flowing in from other sources. By means of 
repeated systematic measurements in various places, variations in the 
amount of underground water have been observed, especially since atten¬ 
tion has been attracted to their importance. 

Tlic variations in the amount of underground water, which can be well repre- 
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sented for localities by curves, with tolerably regular absciss*, have undoubtedly great 
influence upon the origin of certain epidemic diseases, especially typhoid fever and 
cholera. For example, the number of cases of typhoid fever in Munich (and appar¬ 
ently also in Berlin) increases with a diminution of the underground water, and de¬ 
creases with its accumulation. Epidemics of cholera show themselves immediately 
after a considerable decrease of underground water has taken place. In these phe¬ 
nomena the important factor seems to be, that the disappearance of the water sets 
free a certain number of injurious decompositions of organic substances from the yet 
moist strata ; these products being taken up by the air of the ground, and by it 
transported into human dwellings. It is in the highest degree doubtful that the 
underground water can directly exert, by carrying these substances into the drinking 
water, a morbific influence. 

The air contained in the ground above the ground-waiter layers, occupies, 
as we can convince ourselves without a minute examination, a great space; 
it may equal and surpass one-third of the total mass of earth. This air is 
carried upward into our habitations, since it is never continuously still. It 
is set in motion by everything which can disturb gases, such as'gusts of 
wind on the surface of the earth, changes of temperature, etc. And this 
mobility of the ground air is not diminished by the frozen hardness of the 
ground in winter, since the change of water into ice is not accompanied by 
any loss of porosity. A consideration of the relations of ground air to 
health, makes plain the great importance of scrupulous cleanliness in 
the vicinity of human dwellings, and the necessity of keeping the earth 
pure ; points to which such extraordinary importance has been attached in 
recent times for the prevention of diseases. For filthy liquids which pene¬ 
trate the ground must gradually undergo decomposition by chemical pro¬ 
cesses, and give origin to deleterious gases, etc., which may be carried into 
houses along with the ground air. 

It is probable that the spread of cholera from house to house, in a given locality, 
occurs in some such way. In England it has been demonstrated on a large scale, 
that systematic purification of the ground, by the building of sewers, and by pro¬ 
hibiting the building of sunken or pit-like privies, exerted a most beneficial influence 
upon public health. By these means was brought about the cessation of murderous 
epidemics, and the mortality consequently diminished by an important amount. 

It is probable that the C0 2 which is more abundant in the deeper strata, 
derives from organic processes which take place in the soil. 

But it is not ground air alone which acts as a cause of ill health, for drink¬ 
ing water may under certain circumstances exert an evil influence, or at any 
rate it is often not without reason suspected of being a cause of disease. 
This is the more probable, if the water contain visible impurities, and especi¬ 
ally if it be contaminated by organic substances (sewage.) Not less impor¬ 
tant is the surcharge of calcareous salt; this being the supposed cause of 
goitre, cretinism, etc. 

With respect to goitre, we have the statement of Falck relating to France, to the 
effect that it occurs more especially upon the following formations: the Lias, the upper 
new red Sandstone; their equivalents, the variegated Sandstone, and shell-limestone, 
the Permian and upper Magnesian strata. On the contrary, it very rarely occurs over 
primitive rocks, such as granite; on transition rocks, such as Grauwacke and Schist, 
the mountain limestone, Carboniferous strata ; and also as seldom upon more recent 
formations, the Chalk and green Sandstone, with the various members of the Ter¬ 
tiary Group. 

Water of marshes, when used for drinking purposes, most surely produces 
sickness; for example, malarial fever, in some places of a malignant type. 

Another way in which the ground water operates injuriously is by satu- 
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rating the Avails of houses, thus preventing the entrance and exit of fresh 
air ; in other words, dampness of Avails is a great hindrance to ventilation. 
This condition is in great measure the cause of the great frequency of pul¬ 
monary phthisis in damp houses and localities. 

This last point has been made clear, especially by English studies. Populations 
dwelling on dry, sandy soils, showed a small prevalence of phthisis, while the disease 
Avas very common in people living upon a damp, clayey ground. In fifteen English 
towns the mortality from phthisis diminished from 11 to 49 per cent. (!) after drying 
of the subsoil by means of proper sewerage. 

[Consult H. L. Iiowditch, Consumption in New England , Boston, 1802 .—Ed.] 

Another interest attaches to the soil, that relating to its modification of 
atmospheric pressure, of the temperature, purity, dampness, and the move¬ 
ments of air, and to its influence upon the nature of food. In general, the 
inhabitants of mountainous districts are stronger and more enduring; yet 
the higher Ave ascend the poorer vegetation appears, and man suffers chiefly 
in his nutrition, Avitliout being attacked by any special disease. Barren 
and bare elevated regions have delicate inhabitants, and we there meet 
even Avith intermittent fever alongside of goitre, cretinism, scrofula. The 
same is true of deep, elevated valleys. In low A r alleys there is a greater 
draught of air the straighter they are ; rheumatic affections prevail. In 
plains the irrigation is of especial importance. In the neighborhood of the 
sea the temperature is on the whole more uniform; chilliness being more 
felt in many prevailing winds. The healthiest residence is upon the banks 
of a rapidly flowing stream. The most dangerous parts are lowlands and 
marshy legions, and this in proportion to the heat, as in summer and in the 
south. In such regions not only intermittent fever, but also cholera, dys¬ 
entery, and catarrhal diarrhoea (especially in children), occur frequently, es¬ 
pecially in new-comers. There is special danger in uncultivated regions, or 
where a previously fertile, peopled, and healthy section is desolated. 

3. THE CLIMATE. 

By climate is understood the sum-total of all influences derived from the 
atmosphere and soil. It is possible, from a consideration of these phenom¬ 
ena, to make a tolerably accurate estimate of the salubrity of a given cli¬ 
mate. It is, hoAvever, further necessary to knoAv the mortality and mor- 
bility * of a locality in order to proceed upon perfectly safe ground. It 
is further to be noticed that the totality of native inhabitants to whom the 
mortality reports refer, is often prevented by other than climatic condi¬ 
tions, as social or political influence, from sharing the advantages of the 
climate ; whereas an independent foreigner, avIio can procure the best lodg¬ 
ings and food, obtains the benefit of the climate and its healthful influences. 
This is true of many places in the south. 

The chief influence of the ocean upon climate consists in its moderating 
the heat of summer and the cold of winter (the so called marine, or coast, or 
island climate). 

The chief influences of forests upon climate are that wooded l'egions have 
cooler summers and warmer winters than those deprived of woods ; that daily 
variations of heat are less in forests; that the forests so modify evaporation 
from the soil and leaves, that stationary strata of air j ust above Avoods are 
warmer than over barren soil, field or meadow. 

* The German word morbttitdt is so correct a name for the condition that Ave ven¬ 
ture to offer its literal translation as a new English medical term.— [Ed.] 
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With respect to their peculiarities as adjuncts to medical treatment, cli¬ 
mates have been divided into: (1) Alpine, (2) sub-Alpine, (3) midland, or 
indifferent, (4) marine climates. Into this classification there enter the 
great factors of atmospheric pressure, heat, and moisture. An Alpine cli¬ 
mate may be designated as cool-dry, the sub-Alpine as cool-moist, the mid¬ 
land as warm-dry, and the marine climate as warm-moist. 

A person beginning to live in a climate new to him easily becomes ill. 
The acclimation diseases, so called, are, apart from endemic and infectious 
diseases, nearly always gastric and intestinal catarrhal affections. 

A new science, medical geography, has sprung from climatology. The geo¬ 
graphical distribution of disease, if studied in relation with its causes, affords im¬ 
portant results in pathology, in aetiology, and therapeutics. Compare Muhry, Kli- 
matologische Unt&rsuch. , 1858; and particularly Hirscii, llandb. der Ziistor. -geograph. 
Pathol ., 1859 u. 1800; Boudin, Geog. medicate, vols. ii., 1850; Blodgett, Climat¬ 
ology of the United Staten, Phil., 1857. 

The mortality of a district is to be measured by the proportion existing between 
the annual deaths and the number of inhabitants. If, for example, a city has 70,000 
inhabitants, and 1,500 people die in it each year, we say that this city has a mortal¬ 
ity of 1,500 : 70,000 = 15 : 700 = 1 : 40.G. 

There occurs in the north of Europe 1 death for each 41.1 inhabitants. 

“ “ “ middle “ 1 « “ 40.8 “ 

“ “ “ southern “ 1 “ “ 33.7 “ 

For rate in various countries and cities, see p. 35. 

Among the diseases which prevail in more or less limited territories are the 
following : 

The Plague, that is, the oriental boil plague, which makes its appearance on the 
eastern shores of the Mediterranean, particularly in Constantinople and Cairo, about 
every ten or fifteen years. This disease does not prevail in summer and hot weather. 
It always ceases in Cairo during July, and has never passed the southern boundary of 
Egypt, the first cataract of the Nile. 

Yellow fever, an acute disease characterized by vomiting of blood, jaundice, 
and fever, is endemic in South America and the West Indies, being occasionally 
transported by means of vessels to Leghorn, Genoa, Lisbon, requires a temperature 
of 22 G C. for its development, is found more upon the plains than upon mountains, 
yet may occur at an altitude of 2,000 feet and more. [It prevails almost every year 
in the Southern cities of the United States: Galveston, New Orleans, Baton Rouge, 
Mobile, Pensacola, Charleston, and even Wilmington. In a few seasons this disease 
was transported to Baltimore, Philadelphia, New York, and even Boston.—E d.] 

Typhoid fever, pre-eminently a disease of the temperate zone, appears in the 
north as well, but is there a much milder affection. It is to be found also in the 
torrid zone, but is there complicated by allied febrile states, whose anatomical 
characters have not yet been studied with precision, with the exception of the 
bilious typhoid fever of Egypt, which is accompanied by haemorrhage in, and inflam¬ 
mation of the liver, spleen, and kidneys, and which does not exhibit any intestinal 
lesions. 

Exanthematous typhus is occasionally as widely spread as typhoid fever; it is, 
however, more restricted to northern latitudes, especially in North America, Great 
Britain, Sweden, the Russian Baltic provinces. 

Malignant (congestive) intermittent fever is to be met with in Hungary on 
the Danube and Theiss, in Italy on the Po, upon the entire west coast of Africa, in 
many parts of the United States and Central America. 

Cholera is occasionally met with everywhere. 

Dysentery occurs everywhere, but is especially severe in the south. 

Scorbutus is a disease of northern climes. 

Scrofula appears in the northern part of the temperate zone. 

Tuberculosis shows itself throughout the inhabited parts of the earth, but is in¬ 
comparably more frequent in the temperate zone, especially between 45° and 55° 
north latitude, than in the north or south. In all climates it is most common in 
pooulous cities, where human beings are crowded together ; in the country, and in 
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thinly-peopled countries, in the Steppes of Kirgis, in countries surrounded by 
deserts, such as Egypt, Morocco, as well as in the Russian Baltic provinces, it is 
exceedingly rare ; in St. Petersburg it again becomes common. 

A change of climate exerts a favorable inliuence upon patients suffering 
from all kinds of. chest diseases, rheumatism, ansemia, and upon convalescents in 
general, when they go to a warmer, or more especially a more equable climate. In 
Germany the following resorts may be named: Wiesbaden, Baden-Baden, Baden - 
weiler, Botzen, Meran; in Italy, Pisa, Rome, Palermo; in France, Pau, Nice; in 
Africa, Egypt, Algiers, Madeira; in the United States, Minnesota, Colorado, New 
Mexico, parts of California, Jacksonville (Florida,) Aiken (S. C.;) Bermuda, Samana. 


4. THE DWELLING. 

The dwelling may be considered as a sort of private climate, which is 
voluntarily limited. It is of greater importance to health the more the 
inhabitant remains at home; more important for the northerner than for 
the southerner, who remains more in the open air. Especially noteworthy 
are those buildings in which men are congregated for a long time ; fac¬ 
tories, hospitals, schools, dormitories. Even healthy persons spend a good 
third of their lives in the last. 

The characters of a good dwelling are : sufficient size of the room, upon 
which depends the purity of the air; dryness of the floor and the walls, 
and to a certain degree of the air also ; an exposure in our climate, when 
possible, to the east and south; good ventilation without constant 
draughts of air; location in a healthy region; the protection of blinds, 
etc. 

Fresh, pure, that is, oft-renewed air, is an important desideratum for 
sick and well persons, particularly for such as are obliged to spend many 
hours daily (in school-rooms), or months and years (orphan asylums, gar¬ 
risons, prisons), in the same building. The air becomes impure by insuf¬ 
ficiency of the space in which the human beings remain, by the want of, or 
by imperfect ventilation, by injurious mechanical and chemical admix¬ 
tures. 

The size of the space needed by man, healthy or sick, when living in an 
inclosed place, cannot be determined with absolute accuracy. The average 
has been variously placed at 300 to 800 cubic feet, in different countries, 
and under very various conditions (in barracks, hospitals, etc.). 

The size of the space is of comparatively less importance when a careful 
and regular ventilation renews the air in it from time to time. 

It has been determined by experiments upon respiration, that a man needs six cubic 
metres (160-170 cubic feet) of space to enable him to breathe an hour without being 
injured by his own carbonic acid, or by the rarefaction of the air. 

If has been specially ascertained that each child needs 1.5 cubic metre ; 
that each child in the company of old people needs 3 0 “ 

that each adult in the company of old people needs 8.0 “ 

This is exclusive of ligating and heating, which consume much oxygen ; and in 
the estimate the spac ; occupied by the furniture must be taken into account. The 
number of hours duri lg which a space is to be used, must determine an increase in 
every dimension of th j space, so that for example a dormitory for four persons hold¬ 
ing at least 200 cubic metres of air, with a height of 12 feet, should be about 24 feet 
long and 18 wide. 

The evils inherent to smaller rooms are deficiency of oxygen and accu¬ 
mulation of carbonic acid. As the effects of these conditions are but 
gradually developed, it is impossible to name any particular diseases, besides 
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anaemia, scrofulosis, tuberculosis, to which the inhabitants of small dwell¬ 
ings are liable. 

The remaining gross impurities of air cause for the most part debility 
or irritation of the mucous membrane. Among these are to be named sul¬ 
phuretted hydrogen, hydro-sulphuretted ammonium, aqua ammonia, which 
abound in water-closets and privy-vaults, as well as in kitchen sewers, and 
which, especially when the dwelling is heated, ascend to the rooms; empy- 
reumatic oils during lighting with ill, imperfectly burning substances ; vola¬ 
tile acids from human or animal exhalations ; carbonic oxide, which benumbs 
at the development of smoke in coal combustion, and quickly kills; car¬ 
bonic acid (see p. Go). Strong substances in a state tit for inhalation, such 
as the perfume of many flowers, are injurious to many persons, particularly 
those of a nervous disposition. 

According to Pettenkofer, to whom we owe many researches upon the question 
of ventilation, an average man expires each minute 5 litres of air, which contain 4 
percent, of carbonic acid; in each hour 300 litres, including 12 litres of carbonic 
acid. That air alone is healthy which, after the sojourn of men in it, contains at the 
highest 5 parts per thousand of carbonic acid. In order to secure the thorough 
renovation of the air in the inclosed space, a large amount of fresh air is necessary. 
In order that the air should remain good, it is necessary that there should be intro¬ 
duced at each moment two-hundred times the volume of the expired air; and, as a 
man expires about 300 litres in an hour, there must hourly enter 90,000 litres or 00 
cubic metres of fresh air. In rooms where sick or well persons stay for any length 
of time, this is to be secured only by means of judicious ventilating appliances, best 
by the direct entrance of fresh air, not as well by removal of the impure air. This 
purpose is attained by the constant opening of numerous and large windows, as in 
the American pavilion and tent system. 

Pettenkofer has further shown that the dry walls of our houses, particularly 
those of brick, and also those of rag-stone (the latter particularly when plastered), 
are permeable to the air, and that lime and gypsum plastering, and oil painting, do 
not prevent this penetrability. The innumerable minute pores of the wall, by means 
of which the air in the room communicates with the outside air, allow the entrance of 
much more air than can come in through the leaks and cracks of doors and windows. 
Every impact of air upon the external face of a wall causes a movement in the air 
on its inner face. The amount of interchange of air through the wall depends 
especially upon the difference in the temperature of the atmosphere on the outside 
and on the inside : the greater this is, as for example in the cold winter sea¬ 
son, the more air enters and leaves a dwelling in this way. The porosity of walls is 
destroyed at once by wetting: hence the disadvantages of new, ill-dried dwellings. 
Natural ventilation is somewhat increased by open fire-place heating of rooms, but 
not very much, as is usually assumed. 

While a certain number of noxious gases exhibit specific odors, or produce un¬ 
pleasant sensations in the mucous membranes of the eye, larynx, etc., there are 
others, as for example carbonic acid, carburetted hydrogen, which are not percep¬ 
tible to the smell. 

The manner of heating, of airing, the closure of windows, the care of the 
surroundings of the house, etc., belong to Hygiene. Dwellings with damp 
grounds and walls are above all deleterious; they are colder, their walls 
are less porous, they are favorable to the occurrence of putrefaction and 
mouldiness, and the moisture of the air itself may act directly. It is cer¬ 
tain that rheumatism and neuralgia follow upon the operation of these 
causes. 

The greatest demand for reform comes from public institutions of all 
kinds, all public offices, orphan or foundling asylums, lying-in hospi¬ 
tals, hospitals for the insane, general hospitals, almshouses, and prisons; 
because into these buildings most persons go unwillingly, and because the 
State, which in a manner despotically lodges them, is in duty bound to pro¬ 
vide for their health. 
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In making plans for buildings, the following allowance of ventilation per 
person, per hour, should be made. 

G0-70 cubic metres in hospitals for ordinary cases. 
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Unfortunately these requirements are not always fulfilled, even in enlightened states. 
This is more especially true of prisons. The great mortality in them is in part due to 

unavoidable causes. 

On the average it amounts to 1 : 20-30, in particularly well-man- 


aged institutions 1 : 40, which is higher than the general mortality, although there 
are no new-born children which increase the mortality ratio so much. The most 
common diseases of prisoners are tuberculosis, pneumonia, typhoid fever, mental 
affections. The food and the kind of work of course play a part in increasing mor¬ 
tality. 

The mortality of large cities is larger in summer and autumn than that 
of the open country, and in winter is a little less. In large cities the inha¬ 
bitants, at least those without means, suffer from crowded dwellings. Be¬ 
sides, harm is done by the emanations of the ground upon which the houses 
are closely packed, and whose subsoil is saturated by the filtration of 
human excrements, with organic putrid substances, or with contagious ma¬ 
terial, as for example that of cholera, typhoid fever, etc.; by the absence of 
vegetation, which clears the atmosphere of superabundant carbonic acid ; by 
the air stagnating in narrow streets, by its making streets turn cold, or 
warm and moist; smoke and dust are present in large quantities; food is 
often adulterated ; sewers become dangerous if they carry off much refuse, 
cemeteries, slaughter-houses, gas-houses, if they give off bad odors. On the 
other hand, well-governed large cities have these advantages, that sanitary 
regulations are better executed by the authorities, and that in time of dis¬ 
tress help is nearer and is more freely given. In small towns and in the 
country the indifference of individuals toward ordinances is usually 
greater; physicians and institutions are not numerous enough, and the dis¬ 
advantages of the locality appear at their worst. 

In the last ten years the morbility as well as the mortality of many large cities 
has been diminished, by the erection of water-works, by suitable sewerage (partly 
through the so-called flood-canal system [Schwimmen canal-ftyxtem ], and the water- 
closet system, with air- and water-tight traps). 

5. CLOTHING AND BEDDING. 

The clothing with which civilized people and the northern races cover 
themselves, is to be studied from the following points of view respecting its 
usefulness or injuriousness. 

Our bodily frame is to be looked upon as a warm and moist body exposed 
to the air, which loses heat in three ways: by radiation, conduction, and 
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evaporation. By covering the skin with clothing we prevent direct loss of 
heat, and diminish the contact of the air with the body surface; we cause a 
diminished loss of heat in all the three ways. 

A great advantage accrues in the heating economy of the body from the 
fact that heat is not lost in only one way, because the action of the several 
modes renders possible a delicate regulation of the loss of heat. What we 
lose by one way is equalized by diminished loss in the other two ways. 
On the average the loss by radiation and conduction is the most constant 
under similar circumstances, and the evaporation of moisture is the means 
of partly balancing the differences existing in the amount of heat produced, 
as well as the errors caused by functional disorder of the other channels. 

The loss by radiation may be a very important one ; fifty per cent, of 
the total heat being usually separated in this way. This loss increases with 
the difference between the temperature of our body and that of the sur¬ 
rounding medium. 


Consequently, we feel cold in a room which is not warmed throughout, especially 
at its periphery, though the air near us be at the pleasant degree of 20° 0. Radia¬ 
tion is also notably diminished where our body is surrounded by objects of a similar 
temperature; as for example, in a space crowded with human beings, or in a crowd 
in the open air ; and we feel warm under such conditions, even if the thermometer 
shows but a moderate degree of heat, and this because our neighbors are as warm as 
ourselves. In compensation for deficiency of radiation we begin to perspire, and try 
to cool ourselves by means of fans, the heat escaping by the other two ways. 


The loss of heat by conduction is also important. So long as our body 
is warmer than the air which surrounds us on all sides, so long does our body 
heat it. No equalization of temperature can, however, take place in this 
way, because the heated and rarefied air rises to a distance from the body, 
is replaced by colder air, which in its turn goes off when heated. 

This ascending air current may be so strong as to influence the wings of a sensitive 
anemometer placed beneath the clothes : this being a current unnoticed by us be¬ 
cause our nerves cannot appreciate air in motion at a speed of half a metre per 
second. The loss of heat by conduction becomes much more important if we ex¬ 
change badly-conducting air for one that is slightly heated, or for the much better 
conducting medium water. Whereas we can comfortably remain in moderately 
warm air with only light clothing on, we are very cold with the same clothing in 
water of a similar temperature, although in the latter case loss of heat by evapora¬ 
tion has wholly ceased, and the loss by radiation is reduced to a minimum. Cool 
baths cause a much greater loss of body heat than exposure in an equally cold atmos¬ 
phere. In the open air we lose much more heat by conduction than in a room, because 
the movements of the air are much diminished by the walls, and consequently a much 
less quantity of air passes over us in a given time, in a room, than in the open air. 
The minimum of heat lost by conduction in a room must be compensated by loss 
from radiation and evaporation. By the use of a fan in a room the volume of air 
passing over us is increased, and with it the loss of heat by conduction. 

Of how much importance evaporation is for the cooling of the body, 
may be inferred from the fact that one gramme of water renders latent 560 
heat-units in its passage to the gaseous form. An individual while inactive 
will lose in this way according to experiment, 900 grammes of water by 
the lungs and skin—that is, 504,000 heat-units; one exerting himself 
violently, 2,000 grammes of water, or 1,120,000 heat-units. This explains 
why the blood never becomes warmer, in spite of active exercise (apart from 
a certain excess). The organism brings about this result, in so far as it 
concerns the skin, by the changing activity of its vaso-motor nerves (van- 
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able according to need), by means of which the moisture of the skin is 
diminished or increased. So long as we are surrounded by air, there co¬ 
incides as a ride, with a greater loss of heat by conduction, an increased 
evaporation at least as long as the circulation in the skin remains active, 
and the air is not wholly saturated with moisture. Consequently we be¬ 
come cool much more easily in a dry than in a moist atmosphere, because the 
saturated air can no longer withdraw heat from our bodies by evaporation, 
while dry air does this in an extreme degree. 

Very interesting also is the cooling of the body by respiration in air of varying 
temperature and moisture. If we set down the volume of air which an adult individ¬ 
ual in- and expires in twenty-four hours at an average figure of 9,000 litres, we ob¬ 
tain the following by calculation :— 

An adult loses in twenty-four hours by the breathing of: 

Air at O’ C. (dry), 293,040 heat-units. 

“ 30° C. (dry), 274,050 “ 

“ 0' C. (moist), 265,050 “ 

“ 30° C. (moist), 105,390 

That is to say, that the loss of heat is much more important in dry air than in air 
saturated with moisture. At a temperature of 0° C. at the point of complete satu¬ 
ration, the loss is about 28,000 heat-units, or quite 10 per cent, less; and at a 
temperature of 30° C. at the point of complete saturation, the loss is 01 per cent, 
less than at the point of greatest dryness. 

Death is at last brought about by extreme loss of heat, and a degree of 
such a loss, beyond a certain endurable limit, gives rise to disease, by cool¬ 
ing. The increased loss of heat may affect the whole or a part of the body; 
as for example, when we step into a cold room when covered with perspira¬ 
tion, or when we remain much too long in a cold bath, or if we sit near a 
cold wall, an open window, etc. 

By means of our clothing, we receive back, after a while, a part of the 
heat which without it would radiate from it to other neighboring bodies, 
because the stuffs out of which it is made are not diathermanous, allowing 
heat-rays to pass through unabsorbed. Still, the heat absorbed by the 
clothing may radiate from its outer surface, just as it might radiate from 
the uncovered skin. “ Our clothes freeze for us.” The passage of heat 
through this covering depends essentially upon the conductibility of the 
cloth, and upon its thickness, i.e ., upon the distance which the radiating 
heat must traverse in order to reach the outer surface of the clothes, and 
upon the time necessary for this transit. At the same time we heat, by 
means of this heat radiating from the body, the immediate surrounding 
of our body, viz., the stratum of air lying between the skin and the cloth¬ 
ing ; and this is constantly done in a greater or lesser degree, as needed 
to protect our nerve-terminations from the unpleasant or injurious effect 
of sudden changes of temperature in their immediate vicinity. We thus 
lose our body heat through rightly-chosen clothing in such a way that we 
feel comfortable. In proportion as the loss of heat increases, while the 
internal production remains about the same, we experience the necessity of 
allowing the escape of heat from the vicinity of our body to take place 
more slowly. Then, if through the independent activity of the vaso-motor 
nerves of the skin a marked degree of restriction of the loss of heat is 
brought about for a certain time, the repression of the peripheral circula¬ 
tion no longer suffices, partly because of the exhaustion of the nerves, 
partly because of the amount of loss. Supported by a large experience, we 
then put on several articles over one another, and what happened to the 
skin when covered by the first set occurs to the second set of articles, and 
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to the third; with the increase of the number of clothes there is an addi¬ 
tion of warmed layers of air in the neighborhood of the nerve-enuings. 


Clothing cannot be defined as articles destined to keep the air away from the 
body, for, on the contrary, we wear no clothes which do not allow of a continual 
ventilation of the surface of the body. The stuffs which serve to make our warmest 
clothing are much more permeable to air than those which we designate as cool. A 
current of air is constantly passing through the clothing, the volume of which, as in 
every kind of ventilation, depends upon the size of the apertures, upon the degree 
of difference between the air within and that without the clothing, and upon the 
velocity of the air about us. Clothing tempers the contact of air with our body, 
only by preventing the impinging of the air as a moving body against the nerves. 
Clothing also regulates the temperature of the air by causing it to assume a mean 
degree of heat by passing through the pores of the cloth; a mean of 24' to 30 J C. 
“ We carry about us in our clothing in the open air, even in northern regions, the 
air of the south. We feel in this just as we should feel standing naked in a perfectly 
calm atmosphere of from 24° to 30° C.” 

According to the investigations of Krieger (Zeitsehrift f. Biolorjie , V., p. 476) 
there is but little difference between individual substances in their capacity for radia¬ 
tion. Krieger filled a cylinder of tin with warm water, surrounded it with various 
kinds of cloths, in various ways, and noted the diminution of heat at stated inter¬ 
vals. If wool be put down as having a capacity of 100, then that of chamois is 100.5 ; 
silk, 102.5 ; cotton, 101 ; and linen, 102. 

The color of the fabric is also without essential influence upon radiation. It is 
otherwise in the matter of absorption of heat by differently colored cloths. And 
indeed in this respect (absorption), the difference in the same colors, between differ¬ 
ent textures, is not important (cotton, 100; linen, 98; flannel, 102; silk, 108), 
although marked for the same fabric in various colors. In different colored shirt¬ 
ings, 100 being the absoprtion index of white, that of pale yellow is 102 ; deep yellow, 
140; pale green, 155; deep green, 168; turkish-red, 165; pale blue, 198; black, 
208. These figures are for the effects of exposure to direct heat. 

Krieger investigated in how much the loss of heat by radiation was retarded when 
several layers of the same fabric were drawn tightly one over another, and he noticed 
in double layers a radiation of— 


3 % in thin silk, 

4 % in gutta-percha, 

5 % in shirting or fine linen, 

6 % in thick silk, 


9 % in thick linen, 

10-12 % in chamois, 

14 % in flannel, 

16-26 % in winter kid leather. 


In other words, if 100 heat-units passed out in a given time through a single layer of 
silk, only 97 heat-units escaped through a double layer (tightly drawn) of the same 
material. These surprisingly small differences are an evidence of the retardation of 
the loss of heat by friction in the radiation through the second layer of cloth, whose 
pores are precisely similar to those of the already thoroughly heated pores of the 
first cloth, and form in reality only the continuation of those pores. In other re¬ 
spects the differences between fabrics are not so much dependent upon weight and 
solidity as upon their shape and volume. If, however, Krieger drew only the first 
layer of cloth tightly around his tin cylinder, and allowed the second to hang at a 
distance of from .5 to 1 cent, from it, somewhat after the fashion in which we wear 
our external clothing, he noticed a much more marked diminution of the loss of 
heat, to wit: for linen, an increase of 32 % ; for shirtings, 33 % ; for silk, 32 % ; for 
flannel, 29 % ; for chamois, 30 %; for gutta-percha cloth, 36 #. Thence follows the 
very important proposition, that we may be much more or much less warmly clad 
with the same amount of clothing, according as we wear it tight or loose. The cause 
of this difference is the thickness of heated layer of air inclosed between the clothes. 


It is not alone the stratum of air inclosed between the skin and the 
clothes which plays an important part in preventing loss of heat, but the 
air included in the fabric itself—the air entering into its texture. 


Pettenkofer has investigated the question of the permeability of various fabrics 
by means of glass tubes, one end of which was closed by pieces of the cloth to be 
tested, while he forced air through them. Through pieces of similar areas, in simi¬ 
lar times, the air passed in the following relative amounts, flannel being considered 
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as 100 : through linen of medium thickness, 58 ; through silk fabrics, 40 ; chamois, 
58 ; tanned white leather, 1; samian leather, 51. The protecting effect of clothing 
does not either depend upon the degree to which it keeps the air off from us, other¬ 
wise kid gloves would be 100 times warmer than flannel, which, as is well known, 
is not the case. Other fabrics containing much air are, as well as flannel, well ad¬ 
apted to keep us warm ; as for example, fresh cotton-wadding (in contradistinction 
to that which is old and compressed), and fur, with its delicate hairs to which the 
air clings. Khikgkb shaved fur, and found that its power of giving off heat was in¬ 
creased in the proportion of 100 : 100. The dr 3 - skin of shaven fur is, however, always 
a little porous ; if it be covered with linseed-oil varnish its power of transmitting heat 
rises to 258, and by means of a coating of gum-arabic it reaches 29(5. Shaven and 
varnished fur-bearing animals die through refrigeration (the freezing-death), if no 
heat be given them from without. The more delicate the hair of the fur, the 
more warmly it covers, because the heat leaving the body is so much better retained 
by it. In a good fur animal, however, the body-heat is not greater in summer than 
in winter. In the winter the equilibrium between the temperature of the skin and 
that of the air is found near the root of the hairs ; in summer it takes place near their 
free ends. Impermeable fabrics do not possess these good qualities of fur, and are 
consequently used as clothing only for special objects. They allow of the penetra¬ 
tion of no dampness from without, but cause the retention of the fluids of evapora¬ 
tion, and restrict the circulation of air in the underlying clothes. Water-proof coats 
are good only to shield us from the wet; they make us moist by the retention of 
perspiration; they are useful only in wet weather or in great winds, not in wet and 
warm weather, or in a calm atmosphere. 

The more the air of a tissue is displaced by water, the less it can keep 
us warm, because it becomes a much better conductor of heat. Hence the 
ease with which we “ catch cold ” in wet clothing ; hence the susceptibility 
to dampness. If we go out into a cold and dry open air, we do not, pari 
passu , feel as cold as in equally cold but damper air. 

We must not undervalue the importance of this. Pettenkofer chose two equal 
pieces of linen and flannel, as representatives of the most important animal and vege¬ 
table fabrics, dried them at 100° C., at which point they lose nearly all their hygro¬ 
scopic water, and weighed them in accurately-closing tin boxes of known weight. 
They were then exposed to air at various degrees of temperature, from time to time 
replaced in the tin boxes, and weighed with all necessary precautions. In this way 
the variations in weight—in other words, the amount of water taken up bygroscopic- 
ally by linen and wool—were easity ascertained. For example, in twelve hours the 
following quantities of water were taken up by 1,000 grammes of the following 
fabrics : 





Linen. 

Wool. 

At 

1°. 2 c. 

in lecture room. 


148 grm. 

< l 

• 3°. 1 C. 

in cellar. 

. 77 “ 

157 “ 

U 

4°. 4 C. 

in cellar. 

. Ill “ 

175 “ 

a 

12°. 2 C. 

in laboratory. 

. 68 “ 

105 “ 

c t 

19°. 0 C. 

in room. 

. 41 “ 

75 “ 


If we estimate the weight of a woollen suit of clothes at 10 lbs., the amount of hy¬ 
groscopic water contained in it, consequently, is 1 | lb., which quantity will require 
for its evaporation 420,000 heat-units. 

Under all circumstances wool contains more hygroscopic water than linen, and re¬ 
tains it also much better. Consequently the changes in the amount of water con¬ 
tained in linen are more rapid than those in wool during the evaporation of water 
in dry, and the acquisition of water in wet weather. 

Both substances exhibit similar relative properties during wetting by, or the dry* 
ing of fluid water. Linen is easily saturated with water, and water escapes from it 
quickly ; wool loses water slowly, but it takes up much more than linen. Water evap¬ 
orates more rapidly from a linen than from a woollen surface, which latter yields up 
its water in a regular way, as is shown by the following table. 1,000 grammes of 
linen soaked in water, then pressed until no more water could be forced out of it, 
retained 740 grammes of water; and 1,000 grammes of flannel treated in the same 
way retained Old grammes. The surfaces of these equal pieces of tissue were like- 
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wise equal. Both cloths were hung up to dry in a heated chamber, and the water 
retained in them— 


Linen. Flannel. 


After 15 min. in temp, of 20° C. amounted to 521 grm. 701 grm. 


“ 45 “ 

U 

20° 

C. 

It 

380 “ 

603 “ 

“ 75 “ 

u 

19° 5 C. 

U 

229 “ 

457 “ 

“ 105 “ 

u 

19° 

C. 

a 

99 “ 

309 “ 

“ 135 “ 

a 

19° 

C. 

u 

55 « 

194 “ 


It is easy to understand that fabrics as a whole, by the partial stoppage 
of their pores by water, lose their permeability to air when they become 
wet. Coarse tissues with large pores remain longer pervious to air ; with 
substances of similar porosity, the adhesion of water to the fabric deter¬ 
mines whether it shall close its pores slowly or quickly, temporarily or for 
a long time. Linen, cotton, and silk are quickly hermetically sealed by 
wetting ; while wool does not become so, or only after saturation. As the 
porosity of all tissues depends mainly upon the elasticity of their fibres, it is 
of the highest importance whether it be the same in the damp and dry 
states, or how much it may vary under these conditions. A character 
which distinguishes wool from the other three substances, is that its fibres 
retain almost all their elasticity when wet, whereas other fibres lose theirs 
almost wholly. It is because the air is more driven out of linen or silk 
fabrics than out of woollen ones, that we catch cold more easily by being wet 
while clothed in linen or silk. Similarly wet woollen stockings do not pro¬ 
duce cold feet as easily as wet linen ones. On the other hand this peculiar¬ 
ity of silk and linen is of advantage when it is desirable to keep the body 
warm and dry. By means of linen shirts we efficiently remove heat and a 
moderate amount of evaporation from the skin ; while profuse perspiration 
is best taken up by a woollen tissue. 

A very important article of clothing (since in it we pass a great part of 
our lives) is the bedding. The bed is not merely a place of rest, but also 
a cover during sleep. Bedding is made of the same materials as day- 
clothes ; those used next the skin, of linen, silk, and cotton; the underlying 
parts, of animal fibres, feathers, wool. The bedding must be at the same 
time warm and airy: we heat the bed with our body just as we do our 
clothes, and in its turn the bedding heats the air which traverses it from 
below upward. The layers which regulate the heat are thicker than those of 
ordinary clothing; this is required, because in the absolute rest of sleep tis¬ 
sue metamorphosis is much reduced, and less heat is produced : moreover 
the air is more thoroughly heated in horizontal layers than in the erect po¬ 
sition of the body. The bed is a most important apparatus for the preser¬ 
vation of body-heat; since the heat of the bed keeps up the circulation of 
peripheral parts without great waste of tissue, thus relieving the internal 
organs, which are thus enabled to rest. Whoever, for several days in suc¬ 
cession, cannot lie in bed, does not feel rested, but often also experi¬ 
ences changes in his temperature. Beds are, particularly in cold weather, 
indispensable to well-being; they, in a certain degree, take the place of food. 
Light bed-covering is advisable for young people, because much heat is apt 
to increase the sexual appetite and lead to onanism. 

Under certain circumstances clothing may be also useful for the purpose 
of shielding the body from heat-rays; as, for instance, hats in summer. 
The mode of its operation in such cases is just the same as has been de¬ 
scribed above. 

Weight is an element to be considered in clothing, because heavy articles, 
if they be bad conductors, overheat the body by the exertion necessary to 
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bear them. The same element should be kept in view in the matter of bed¬ 
covering ; it should not be so thick and heavy as to interfere with the re¬ 
spiratory movements, or unnaturally increase perspiration. 

“ Our clothes are the weapons with which man combats the atmosphere, 
in so far as it is dangerous..” 

Articles of clothing may press upon and injure the organs over which 
they are placed. In women there are often found transverse depressions 
in the liver with opacity of its capsule, and atrophy of its tissue, pro¬ 
duced by corset, and petticoat bands. Moreover, excessive lacing produces 
disproportionate breathing with the upper thorax. The pressure of shoes 
produces various diseases of the soft parts and bones. 

Compare Pettenkofer, Zeitschr. f. Biologic., 1865, I., p. 180, and Bezielmngen 
der Luft zu Kleidung, etc., 1872. 


6. FOOD AND DRINK. 

Leaving out medicines and poisons, the consideration of which belongs 
to pharmacology and toxicology, we can divide ingesta into nutritive and 
pleasing materials. 

Only such substances can serve as nutritive materials whose constitution 
is similar to that of the tissues of the body, or, at any rate, such as contain 
the elements needed by the tissues, such as nitrogen, carbon, hydrogen, oxy¬ 
gen, sulphur, phosphorus, iron, chalk, potassa, soda, etc. It is well known 
that the animal organization does not form the majority of its proximate 
principles, such as albumen and related bodies, fat and sugar, out of the 
elementary bodies, but that the substances must be exhibited in an organic 
or complex form, from which they are eliminated. 

Food may be noxious because too little or too much of it is ingested ; 
and, besides the form and mass, the temperature and quality, the uniform¬ 
ity (with respect to the proportions of animal and vegetable ingredients) 
of the food, as well as, lastly, the irregularity in the time of eating, are 
injurious. 

For the condition of absolute fasting, as well as for the effects of with¬ 
holding important articles of diet., see paragraph on the anaemia of inanition. 

The evils brought about by the shape and amount of ingesta, of solids 
as well as fluids, belong to special pathology, because the lesions and dis¬ 
turbances produced are local.'' 

The temperature of food and drink is a cause of disease only in that it 
may lead to refrigeration of the stomach, and with respect to the possible 
evil effects of cold drinks. More rarely, in childhood particularly, we 
meet with burning of the upper part of the digestive tube, and consequent 
inflammation of these parts, and of the upper air passages. 

The quality and ill effects of food belong more properly in treatises on 
diseases of the digestive organs. The general consequences of spoiled food 
resemble those which follow upon the use of too little food. Water which 
claims to be “healthy pure drinking-water” must not be chemically pure; 
it should, on the contrary, contain certain ingredients, and only a minute 
quantity of other substances in order to be harmless. At any rate, it must 
be clear. A water which contains visible impurities is not to be regarded 
as good drinking-water. Even after filtration water may be dangerous to 
drink, because some of the injurious ingredients may remain in solution. 
This is the reason why filtered river water which is furnished by the water- 
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works of many towns is not healthy, or not at all so compared with clear, 
fresh spring water, which should alone be used for this purpose. The 
pleasant taste of the latter is produced by the presence chiefly of CO*. It 
contains salts, as follows: chiefly chloride of sodium, sulphate and carbon¬ 
ate of lime in small quantities, so that the result of dessication of 100,000 
parts of water never exceeds 50 parts, or 0.0005. If the mineral ingredi¬ 
ents exceed 0.4 p. c., or 0.004, the liquid is called mineral water. 

The most important impurities of drinking-water, particularly in that 
drawn from pump-wells in populous districts, are nitrates, especially in 
combination with ammonia; abundant chlorine combinations, and, lastly, 
organic substances of animal or vegetable nature. Such impure water, in 
order to be still drinkable, must not contain in 100,000 parts more than 
0.4 parts of nitric acid, 0.8 parts of chlorine, and 5.0 parts of organic mat¬ 
ter. Boiling does not much improve such water. These impurities reach 
the drinking-water mainly through sewage water, which filters down to the 
wells. They produce principally gastric and intestinal diseases, and proba¬ 
bly also sometimes typhoid fever. 

That the above named impurities may, under certain circumstances, set up infec¬ 
tious diseases, particularly typhoid fever, is proven by quite a number of old and 
recent observations; although this is denied at the present day by competent ob¬ 
servers. (Compare, on the first side of the question, Biermer, Ueher Enstehung und 
Verbreitung den Abdominaltyphus, in Volkmann’s klinische Vortrage , 1873, No. 53 ; 
on the other side, ITeber die AEtiologie des Typhus, Vortrage von Buiil, Fried¬ 
reich, v. Giktl, v. Pettenkofer, etc. 1872.) 

At any rate, it will be admitted, that to provide pure drinking-water is one of the 
most important principles of hygiene ; hence the number of projects for establishing 
waterworks to conduct spring water into large cities. Whether a water is pure is to 
be determined only by chemical means ; particularly the taste is an unreliable test, 
since waters containing too much saline matter, and consequently unfit for use, may 
taste very pleasantly. In doing this it is by no means necessary to make an exact 
estimate of each element of the residue of the water. 

Radlkofer ( Zeitschr. f . Biol. 1865, I., p. 26) has made a thorough examination of 
the organic substances present in the wells of Munich. 

Under the name of delicacies we separate from the foods a class of sub¬ 
stances whose ingestion is not necessary to the reconstruction of the tissues, 
which are not themselves present in the body, but which must satisfy a 
deep need of human nature, because they are almost universally used. To 
this class belong alcoholic drinks, coffee, tea, betel, tobacco, coca, etc. 
Even the most primitive races employ one or other of these substances, of 
which it can only be said that they sometimes excite, sometimes depress the 
nervous system, and somewhat retard tissue metamorphosis; and also that, 
under certain circumstances, their use may cause serious disease of the 
nervous system, and later, of other systems. A consideration of these 
substances individually is here out of jdace. 

[Consult : Parkes, Manual of Practical Hygiene , Bond., 1864 ; Reich, System der 
Hygiene , 1870-1 ; Hammond, A Treatise on Hygiene , Phila., 1863; Pereira, On 
Food and Diet , 1843. —Ed.] 

7 - OCCUPATION, PROFESSION, AND OTHER SOCIAL CONDITIONS. 

It is not in the province of pure aetiology to determine the importance of 
the first condition, for the result to which the occupation leads depends 
largely on the degree of success attained, and a number of delicate persons 
are never called to any business. 
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The question conies up for consideration from general points of view. 
Poisons, in the form of powder or vapors, which sometimes act only in a me¬ 
chanical manner (as in millers, watchmakers, stone-cutters, grinders), some¬ 
times chemically (powder of poisonous metals in foundry workmen, lead-pow¬ 
der in type-moulders and liouse-painters,—among gasmen): compare p. 04. 
By too great or too restricted movements of the body, with consequent 
effects upon the muscles, bones, respiratory and circulatory apparatus ; the 
long maintenance of certain attitudes, as standing in compositors, which leads 
to varicose veins ; as the bending forward of the thorax and the prevention 
of complete lung expansion, in shoemakers, tailors, and weavers, leading to 
congestion of the lung apices, producing tuberculosis or emphysema ; confine¬ 
ment to a room, in small, badly ventilated, and over-crowded manufactories, 
and other work-rooms; or remaining in the open air without sufficient pro¬ 
tection against temperature and dampness ; or a frequent change of place 
while in a heated state, by which workmen are made peculiarly liable to 
pulmonary diseases; over-exercise of the muscles, producing atrophy of 
these organs and other consequences; straining of the respiratory organs, 
as in performers upon wind instruments, criers, clergymen, teachers, con¬ 
ducing to pharyngitis, laryngitis, pulmonary emphysema, etc. In addition we 
must recognize a number of more or less accidental influences incidental to 
the occupation, as is the case with inn-keepers, brewers, wine-mercliants, 
fishermen, drivers, commercial travellers, and especially soldiers. 

The mortality in European armies in time of peace ranges from 1.5 to 2 per cent. ; 
whereas in the males of the same ages in the civilian population it is only 0.8 to 1.2 
per cent. 

Intellectual callings are as a rule healthy, especially if the mental labor 
can be pursued in a degree of comfort: clergymen, professors, merchants, 
lawyers, live to a very old age. Other intellectual occupations which 
necessitate emotional excitement and a free, if not quite regular life, more 
quickly wear out the individual; as in the case of politicians, artists, 
actors. On the other hand, philosophers and mathematicians, who are 
often ill-nourished, reach on the average advanced age. Teachers and phy¬ 
sicians, as shown by statistics, die earlier than others who are put in the 
class of intellectual workers. The most fortunate are those whose occupa¬ 
tions oblige them to take a good deal of exercise, as farmers, officers in 
times of peace, waggoners, woodmen. 

The mortality of the various professions is much better understood than their 
morbility. Caspeh, Wahrsoheinliche Lebensdnuer , 1835. Lombard, Be Vinpience 
des professions sur la duree de la vie , 1835. Neufville, Lebensdauer und 1'odesur- 
sachen , u. s. w., 1855. 

Civilization has been accused of having brought along with it an increase 
in morbility, and in the number of diseases. This may be ; and yet, with 
improved culture and an increased number of physicians, mortality has 
not increased. 

In Geneva, according to the estimates of Odter and Mallet, the probable dura¬ 
tion of life of the newly-born, was five years in the l(5th century, twelve years in the 
17th century; from 1701 to 1700, twenty-seven years; from 1761 to 1800, thirty- 
two years ; from 1801 to 1813, forty-one years ; from 1815 to 1826, forty-five years. 
In the twentieth year of life the probable survival was, in the 16th century, twenty-two 
years ; in this century, forty years. At the thirtieth year it was, in the 16th century, 
nineteen years, and thirty-two in the 19th century. At the sixtieth year there is 
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first observed a more equal time of probable survival in all centuries. In one hun¬ 
dred years the probable length of life of new-born children has increased from 6 to 
26 years; in Berlin, from 28 to 28 years. In Berlin all ages show the improved 
viability. The marked improvement observed dining this century, depends princi¬ 
pally upon the better care of young children and the introduction of vaccination. 
The losses by war, though affecting the strongest individuals, are subordinate ; even 
women now live to a greater age. 

According to other authorities the above results depend upon errors, because the 
calculations were made chiefly in a few large cities. If the general mortality has 
diminished in Sweden. France, and other countries, during the last one hundred 
years, and the average of life increased from two to seven years, it is in consequence 
only of a diminution in the births and in infant mortality. In Prussia the average 
length of life has not changed since 1816, and in England not in one hundred years. 
Even if the duration of life has somewhat increased, we must not conclude that the 
actual greater vitality and vigor of nations is proven, or even made probable. At 
any rate, infant mortality alone has decreased. Well-to-do people live much longer 
than the poor. 

According to Casper, out of 1,000 poor in Berlin, one-third died in the first five 
years of life, whereas, out of 1.000 well-to-do persons, one-third had not died at the 
fortieth year. One half of the poor survive the age of thirty years, and one half of 
the rich that of fifty. 

In England the Peers are extraordinarily favored ; the gentry (nobility in general), 
stand, in respect to longevity, far above merchants, and the merchants above the 
working people. Among the latter the agricultural laborers are better placed than 
the factory workmen. In general, the influence of comfort and affluence upon the 
prolongation of life, is most marked in infancy and in old age. Naturally, this gen¬ 
eral statistical result does not exclude the occasional survival of individuals of the 
lower classes to an extremely unusual old age. 

Usually, we take adult persons of the poorer classes to be from five to ten years 
older than they really are. 

Lastly, it has been likewise statistically demonstrated, that marriage— 
without regard to early or late marriage—has an extraordinarily favor¬ 
able influence upon the duration of life. The regular life which the mar¬ 
ried state carries with it, together with the better care of the individual 
during illness, are favorable to longevity. This is apparent in both sexes, 
but more so in the male sex. The difference of probable survival in the 
married over the unmarried, and especially the widowed, is quite im¬ 
portant. 

According to Casper a married man has the prospect of becoming sixty years 
old, while a bachelor must be content with forty-five years of life. Whereas, one 
quarter of married men reach the age of seventy years, only one-twentieth of 
single men attain it. In this connection we should remember, however, that very 
many men die between the ages of twenty and thirty years ; that on the whole few 
men marry before thirty, and that consequently the number of married men dying 
between twenty and thirty must be relatively very small. Among the insane and 
suicides, from two-thirds to three-fourths are unmarried. Similar results have been 
reached by Deparcieux, Odier, and others. 


8. PARASITES. 

Swammerdamm, Bib el der JVatur. Webers ., 1752. —Yan Doeveren, A bh. 
v. d. T VUr mem irn menschl. JCarper. Webers ., 1776. —Goze, Vers, einer 
JVaturgesch. der Eingeweiden. thier. JCbrper , 1782. —Zeder, Anleit. zur JVat- 
urgesch. der Eingeweidewiirmer , 1803. —Rudolphi, Entozoorum hist. nat. 
1808-10. —Bremser, Weber lebende Wiirmer im lebenden Alenschen , 1819. — 
Schonlein, Mull. Arch., 1839. p. 82. —Steenstrup, Weber d. Generations- 
Wechsel , 1842.— Siebold, Arch. f. JVaturgesch., 1835, L, p. 59 ; Art. Paras- 
iten in R. Wagner’s Ildwbrterb. d. Physiol., II., p. 640, 1844. —Dujardin, 
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Ilist. nalur. cles helminthes. , 1845.— Vogel, Allg. path. Anat., 1845, p. 385. 
— Berthold, Gbtt. Nachr ., 1849, No. 13. — v. IIeneden, Les vers cestoides 
ou acotyles, 1850. — Diesing, Systema helminthum , 1850-51. — Robin, Hist, 
natur. des Vegetanx parasites, 1853, with Atlas. —Wedl, Grundz. d.patli. 
Ilistol., 1853. — KUchenmeister, Die in und an dem Harper des lebenden 
Menschen vorkommenden Parasiten , 1855. — Virchow, Arch., 1856, IX., p. 
557. — Gervais and van Beneden, Zoologie medic,ale, 1859. — Davaine, 
Traite des entozoaires et des maladies vermineuses, I860. — Pasteur, Ann. 
de chirn. et de pliys., 1860. C. LXIV., p. 1 ; Ann. des sc. nat. zool., 1861. 
D. XVI.— Barensprung, Ann. d. Char., 1862, X. 1 H., p. 37.—R. 
Leuckart, Die menschl. Paras, u. die von ihnen lierruhr. Krankh., I., 1862, 
u. 1863, II., 1 Lief., 1867 ; 2 Lief., 1868. —Kobner, Klin. u. exper. Mitth. 
aus. d. Dermat., 1864. —Hallier, Pen. Ztschr ., 1865, p. 231. Die pflanzl. 
Paras., 1866. — JNDCall Anderson, On the Paras. Affect, of the Akin, 2 ed. 
1868. —Kaiistex, Chemismus der Pjlanzenzelle, 1869. — Neumann, Lehrb. d. 
Hautkrankh., 1870. — Eidam, Der gegenw. Stand punk t d. Mycologie, 1871. 
— ZUrn, Die thier. Paras, auf u. in d. Harper unserer Ilaussdugethiere, 
1872.— Cohn, Beitr. z. Biol.d. Pjlanzen., 2 H., 1872, p. 127. — Steudexer, 
Volkm. Min. Vortr., 1872, No. 38. 


Parasites are animal or vegetable organisms which spend their whole 
life, or certain periods of it, or live only temporarily upon or within another 
living organism, for their nourishment or development. 

Pseudo-parasites are those parasites which only casually happen upon 
man, because they here find moisture, warmth, and organic substances in 
decomposition (many fungi and infusoria). 

Of many organisms is it questionable v r hetker they are parasites or pseudo-para¬ 
sites. 


A. VEGETABLE PARASITES.-PHYTOPARASITES. 

The vegetable parasites occurring in the human body belong to the cryp¬ 
togams, and to the fungi and schizomycetes. A number formerly classed 
among the algae, are now known as lower development-forms of fungi. Ex¬ 
ceptionally perhaps, the sarcina is an alga. 

Cryptogams are those plants vdiicli without preceding visible blossom 
and fruit propagate by means of simple cells, or cell-groups (spores, germ- 
granules), and which develop immediately, or in form of a sprout, into a 
new individual. Those cryptogams which interest us are (in opposi¬ 
tion to the vascular and leaf-forming cryptogams) the so-called cell or frond- 
plants—the thallophytes ; the frond or thallus represents in the organization 
root, stem, and leaf. 

Aa. Fungi. 

In the class of fungi belong those frond plants which have no chloro¬ 
phyll in their cells, and receive their nourishment only from previously 
organized matter, and are therefore incapable of forming all of their 
organic ingredients out of inorganic matter; which take oxygen from the 
air, and in return secrete carbonic acid. With respect to the second trait, 
these are distinguished : true parasitic fungi, which draw their nourishment 
from the fluids of living organisms; and those which live only on decaying 
substances (saprophytes, carrion-fungi). 

The whole vegetative body of fungi, the thallus, consists (a few T doubt- 
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ful cases excepted) of filiform, more or less branched elements, the fungus- 
filament or hyphen. These grow at the extremities, and the terminal 
cell is always the only one to divide. The two principal members of the 
thallus are: 1. Apart diffused within or upon the substratum, to take 
and store up nourishment: the root-frond, mycelium or rhizopodium : 2. 
the bodies springing from it, which bear the propagating organs; the fruit- 
bearers or fruit-filaments ( stipites , pedunculi). 

The mycelium possesses neither in itself nor in its filaments special 
peculiarities, so that it is difficult or impossible to determine even approx- 
imatively, to which species of .fungus a sterile mycelium belongs. Espe¬ 
cially is this the case with most parasitic fungi. The fruit-bearers support 
the organs of reproduction. The latter represent the cells, which are the 
germs of new individuals (spores, etc.), as well as the mother-cells from 
which they are generated (asci, etc.). The fruit-bearers consist either of 
a single fungus filament (fruit-filament, fruit-liyphen), or they form a 
compound fungus body (fruit-body). 

The propagation of fungi is in no case through spontaneous generation, 
but takes place partly in an asexual, partly in a sexual manner. The 
former only is of interest to us. The fungus spores are developed in three 
ways: by free cell formation (the mother-cells are called asci, thecse, spore- 
pouches) ; by constriction (the mother-cells are called basidians) ; by a 
growth-like or vegetative process; cell-fission or gemmation (the mother- 
cells are called sporangia). The mature spores are either movable 
(swarm-spores, zoospores), or motionless. The former embrace propor¬ 
tionately few fungi: they are naked, protoplasmic forms, without a distinct 
cellulose membrane, from whose surface two vibrating cilia, at the most, 
spring forth. All of the remaining spores are without independent motion : 
they have at the time of maturity, or even earlier, a permanent cell-mem¬ 
brane which consists of an outer layer (episporium), and of an inner layer 
(endosporium).—Most spore membranes are characterized by their great 
resistance to decomposition and strong reagents, especially concentrated min¬ 
eral acids. The contents of the spores consist of a mass of protoplasm, 
homogeneous or containing in variable quantity, granules, oil globules, 
and vacuoles, and are usually without a nucleus. The spores are so devel¬ 
oped that the membrane first bursts, and the contents protrude in the form 
of a pouch; this germ-pouch elongates more and more ; i-eceives a sheath 
and braixches, and thus forms the mycelium. It is in the fresh state lai’gely 
composed of water; when dry, it actively imbibes moisture from the sur¬ 
rounding medium. 

Spores are tiie ciiief means of tiie great spread of fungi. Their small 
size and lightness make it possible for them to spread everywhere, not only in 
liquids, but also through the air. The examination of dust, of particles in the atmos¬ 
phere, of human and animal se- and excretions, also the special experiments of 
Pasteur, and others, have shown that fungus spores capable of development are 
present everywhere. 

The principal conditions for the growth of fungi are: moderate warmth 
(0-40° C.), moisture, some oxygen, stagnant and seldom renewed air, and 
organic substance. Light is unnecessary. Many fungi grow only irx 
specific liquids. 

The quantity and quality of the nourishment and surrounding media, exercise 
great inthxence upon the form and mode of fructification of fungi. In one medium 
the mycelium increases greatly, while in another it diminishes to the finest filament; 
with one food the fungus pushes forth vigorous spores, with another it constricts the 
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spore pencil, with a third it divides into yeast fungi. Upon this depends the so-called 
pleornorp/tiim (Tulasne) ; i.e ., the same plants can occur under two or more forms, as 
well with respect to the organs of vegetation as to those of fructification. Also the 
weather, amount of water, etc., have an influence upon the increase, etc., of fungus. 
—Haulier has recently given the theory of Tulasne an undue importance ; Bonor- 
den rejects it; 1>E Bary assumes an intermediate position. 

The pathologically important fungi belong to the following groups: 


Dust or Germ-Fungi, Conio- or Gymnomycetes. 

They consist of single, clustered, or loosely connected spores of one or more 
cells, which germinate and develop into a filiform mycelium, out of which 
spores are formed by constriction. These not uncommonly happen upon 
the same plant in two different forms. With this there may also be forma¬ 
tion of so-called conidia, or secondary spores. Here belong the rot and 
grease, as well as the rust of grain, and probably the several fermentation 
or yeast-fungi. 

Mycoderma ( Cryptococcus , llormisdum, Saccharouiyces). 

Beer-yeast ( Mycrococcus or Cryptocroccus , or Torula cerevisice) con¬ 
sists of large (0,004-0,008 mm.), round, or oval colorless cells which con¬ 
tain one, less often two, bright nuclear bodies resembling oil-globules. 
Mycelium is wanting. From these cells new cells arise by a process of 
budding. The new cells arise either by constriction, two clinging together, 
or many new ones bud forth, so that an entire row of cells hanging one to 
another is formed, but which are not transformed into proper filaments. 
The former is a sub-form which is found during fermentation at a temper¬ 
ature less than 10° C., the latter a higher form, which occurs at a temper¬ 
ature above 10° C. They are found in diabetic urine, and in the contents 
of all parts of the digestive canal from the mouth to the anus (coating of 
the tongue, vomit, diarrhoeic stools)—Their pathological significance is still 
doubtful. 

Wine-yeast (Myc. vini). 

Vinegar-yeast (Myc. aceti). 

Milk-yeast ( O'idium lactis). 

The last can grow fungus-like, if submerged, while upon the surface a 
mycelium of cylindrical articulated filaments arises, from which shoots 
grow up into the air, whose long cells separate easily. The milk-yeast be¬ 
comes similar to higher forms of beer-yeast, when it comes in contact with 
solutions of milk-sugar in a confined atmosphere. It is found upon sour 
milk, and especially in the acid fermentation of milk-sugar, where lactic 
acid is forming. 

Several opinions concerning the nature of the yeast-fungi prevail. Some 
(Schwann, Pasteur, and others) consider them organisms gui generis, which arise 
in fermentable liquids from their own specific germs. According to Bail, Bonor- 
den, Hallikr, Hoffman, and others, they are only conditions, especially of mould 
fungi occurring in fermentable liquids, particularly the spore-forms, or sprouts of 
fungi, which in the atmosphere fructify in other forms; they originate likewise from 
spores, it may be from yeast-cells themselves, or from other forms developed in the 
air, when they reach a liquid. 
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Filamentous fungi, Hyphomycetes. 

The mycelium of these fungi consists of lengthened, tubular cells strung 
to one another in various ways, which form filaments and often present 
very elegant, regularly branched figures. The spores originate within the 
filamentous parts, or on the end of them, and at maturity become free by 
constriction. Here belong the fungus of the muscardine of the silk-worms 
(liotrytis bassiana), the potato disease ( Fusisporium solani), the wine- 
grape disease ( Oidium Tuckeri ), mould, the fungi of diseases of the skin 
and mucous membranes. 

Mould-like forms are : Penicillium glaucum , s. crustaceum, common 
mould, pencil-mould. 

It forms the greatest portion of the mould commonly occuning upon 
almost all vegetable decomposing substances ( e.g. bread, fruit), more rarely 
of that occurring upon animal substances. The erect fruit-bearers, cross- 
partitioned, are raised upon a septate, abundantly and irregularly branched, 
colorless mycelium. The points are tufted, and upon the ends of the 
branches are formed numerous awl shaped sterygmata; each of these 
becomes constricted into a long chain of spherical conidia, which at first 
are connected, and furnish the pencil-shaped appearance. 

Aspergillus glaucus , bluish-green mould, club-mould. 

Found widely spread, especially on old wood as a fine cobweb-like growth. 
It is frequently found with the foregoing form. It consists of a similar 
mycelium. The fruit-filaments thereon, almost perpendicular, and mostly 
inarticulate, are expanded at their free extremities into a club-shaped basi- 
dian, on which sterygmata appear encircling it, and which by constriction 
furnish series of greenish, fine bristly spores. 

With aspergill us there occurs on a mycelium the eurotium lierbarioruin , 
once thought to be distinct. Since both belong together, the fungus is now 
called eurotium aspergillus glaucus. 

Mucor muceclo and mucor racemosus , often found on excrement and old 
articles of food. The bladder-like swollen fruit-hyphen (columella?) are 
upon an abundantly branched, long-filamentous mycelium, which with age 
becomes septate. The abundant spores become free by the bursting or dis¬ 
solving of the wall of the sporangium. 


Bb. cleft-fungi, schizomycetes ( Pacterium , Micrococcus). 

These belong to fungi, as far as they are cellular plants, which are wanting 
in chlorophyll, and do not assimilate carbonic acid ; but they are distin¬ 
guished by the want of mycelium, and of basidian and ascan spores. Their 
increase is only in an asexual manner, by budding. Their distribution is 
extraordinarily great. Common atmospheric air, as well as water of all 
kinds, except fresh distilled water, even snow water, and that from the 
melting of pure ice, contain their germs. The tissues and fluids of the 
normal human body are free from them, with the exception of the skin, 
and easily accessible mucous membranes. 

Historically noteworthy are: Leeuwenhoek, O. F. Muller; of all others 
Eiirenberg (in 1830 first introduced the family of the Vibriones ; in 1838 the four 
genera: Bacterium , Vibrio, Spirochata, Spirillum ); also Dujardin, Pasteur, Hal- 
lier, N/EGELi. Cohn. 

The name, Schizomycetes (N/EGEI,i), is suggested by the great fragility of the 
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formations. The name Bacteria (Hoffmann, and others), is used by many synony¬ 
mously. 

The classification of bacteria with fungi is differently received by different authors : 
most probably they are to be separated from them (Nasgeli, De Bary, Hoff¬ 
mann, Coiin), in opposition to Hallier, who regards them as yeast-forms, or 
micrococcus-swarms of certain fungi (penicillium, etc.)—Consult NASGELI, Botan. 
Ztg., 1857, p. 7(10. Cohn, Nova. act. acad.Leop., XXIV. I. Botan. Zt<j ., 1871, n. 
8(51. 

With respect to the extraordinarily great importance which the schizomycetes 
already enjoy as causes of individual diseases, as well as the confusion which exists 
in the botanical and pathological data of this chapter, I prefer, in the following 
botanical portion, to follow almost entirely the most recent work of Coiin. 

According to Hoffmann {Botan. Ztg , 18(59. No. 15-17), the kinds of schizo¬ 
mycetes brought forward by Ehrenbeug, Dujardin, Pasteur, and others, pass 
into one another; peculiarities which are to be held as characteristic of the species, 
and which in various ways change in the course of development as there are changes 
in the external conditions of life. II. includes in the bacterian series five forms: 
monads, rods, vibrios, leptothrix and zoogloa. All these are found to appear to¬ 
gether in infusions; those which have been putrifying for months, are richer in 
the larger forms than those which have undergone decomposition only for a short 
time. 

• 

Bacteria are cells destitute of chlorophyll, with a globular, oblong or 
cylindrical, twisted or curved form, which increase exclusively by trans¬ 
verse division, and vegetate in an isolated manner (single-cell bact.) or in 
cell-families (filamentous bact.) Bacterian cells possess a nitrogenous, 
mostly colorless protoplasm, which is more strongly refractive than water, 
and for the most part contains shining fat-like granules. The non-albumi- 
nous but cellulose-like cell-membrane is not destroyed by potassa and am¬ 
monia, nor by acids, and resists putrefaction for a very long time. One 
group of bacteria forms jelly-like masses (zoogloa), the other group consists 
of bacteria which are freely dispersed, or occur in swarms. 

In the globular and rod-shaped bacteria, the daughter-cells are, as a rule, separated 
immediately after division; sometimes, however, the cell-generations remain con¬ 
nected, whilst their cell-membranes swell up into jelly-like limpid intercellular sub¬ 
stance, and are united into larger, sharply-defined, elastic, supple, jelly-like masses; 
ZOOGLOA, Coiin. These constitute diffuse or formed, irregularly globular, clustered or 
pouch-like, lobed or branched jelly-like masses swimming in water or spread out 
upon a substratum, and in which bacterian cells arc inclosed in varying proportions. 
Tn these jelly-like zooglcia the bacteria divide still farther ; when especially rapid 
increase takes place, the young cells are very closely pressed against one another, 
and the intercellular substance is little developed; later the cells separate. To 
the naked eye the jelly-like masses appear as colorless iiocculi swimming in water, 
which are deposited upon the external surface, walls, or bottom of a vessel, when 
greatly increased, forming jelly-like masses, or thick gristlj’ membranes of many cent, 
in cii'cumference. If the water contains iron in solution, this is readily precipitated 
as an oxyhydrate, and the jelly is colored reddish-brown. If sulphuretted hydrogen 
is generated in this water, the rusty-brown zoogl. a are blackened as in spoiled well- 
water. The bacteria cells, imbedded in the jelly-like substance, do not perish, since 
they not only increase very greatly, but also easily free themselves by solution of the 
jelly, and then they swim freely in all directions in the water. The filamentous and 
screw-bacteria never occur in jelly-masses, but scattered or in swarms. 

The formation of swarms occurs in all bacteria, if they congregate within a 
liquid in consequence of abundant nourishment, or hungering for oxygen rise to the 
surface of it in endless multitudes. The bacteria swarm is distinguished from the jelly- 
like zoogloa by the fact that the cells of the latter are immovably cemented by the 
intercellular substance. On this account the zoogloa in water have a sharply defined, 
for the most part spherical contour, which appears so much the more distinct, be¬ 
cause the bacteria cells are more densely deposited on the walls of the jelly-like mass, 
than in the middle of it. The bacterian swarms, on the other hand, exist merely as 
free, movable cells, but which often are so densely congregated that they almost 
come iu contact, thereby forming a mucous mass; in moving water the individual 
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cells disperse, since they are held together by no intermediate substance. In fresh 
water the bacterian swarms lie for the most part near the surface, often in a large 
mass, one centimetre thick and almost oleaginous, which penetratf s like slimy-gum 
into the deeper thin portion of the liquid. On the surface of liquids, in which bac¬ 
teria propagate, there are, as a rule, very thin iridescent pellicles, in which motionless 
bacteria are often very regularly arranged in parallel rows. The pellicles are distin¬ 
guished from the zoogl.'ia by the fact, that in the latter the cells are united into glob¬ 
ular masses by intercellular substance, whilst in the former, only a simple layer is 
present without intermediate substance. 

Another form in which bacteria appear, is that of a pulverulent precipitate. 
As soon as the nutritive material in a liquid is exhausted, the farther increase of 
bacteria is arrested, and the little bodies are gradually precipitated to the bottom of 
the vessel; the liquid becomes clearer, earliest at the surface, the white powdery 
mass at the bottom becomes thicker and denser. All kinds of bacteria are indis¬ 
criminately mixed in the precipitate ; they are only partly dead, for the most part 
they are in a state of quiescence, like yeast-cells in a fermented liquid. 

Most bacteria exists in a movable and a motionless state. The move¬ 
ment consists in a rotation about the long axis, to which in the longer and 
more supple forms are also added active and passive movements, and 
stretchings in the direction of the length of the filament, never spiral 
movements. Motion appears connected with the presence of oxygen; in 
the absence of oxygen the condition is one of rest. The motionless state 
is lasting, if the bacteria are united into jelly-like masses or pellicles; in 
globular and certain filamentous bacteria motion is never observed. 

It is doubtful whether spore or conidian formation takes place in bacteria.— 
Consult Rindfleiscu, Virch. Arch ., 1872, LIY., p. 396. 

Bacteria (especially bad. termo) develop and increase in an extraordinary manner 
in a so-called nutritive liquid, which is free from albuminous compounds and sugar, 
but contains besides a certain quantity of mineral substances (phosphoric acid, po- 
tassa, sulphuric acid, lime and magnesia) only ammonia, or tartaric acid : the for¬ 
mer is the nitrogenous, the latter the carbon source of bacteria. Tartaric acid may 
also be supplanted by any organic compound of carbon, with the exception of car¬ 
bonic acid. 


I. Group: Sphero-bacteria.—globular bacteria. 

(Pasteur’s Monas , or Mycoclerma. Eiirenberg’s Monas crepusculum and prodigi- 
osa . Hoffman’s Monas crepusculum. Hallier’s Micrococcus.) 

Globular bacteria are spherical or oval cells, mostly under 0,001 mm. 
in size, without granular contents, with a membrane possessing a double 
contour. The cells are connected in pairs, and at the point of division are 
deeply constricted. By progressive division there are formed short chains 
of 3, 4 to 8 and more parts, which are stiff and bent, and, in consequence 
of the constrictions, moniliform. Or, the chains are irregularly broken, 
zigzag, and thus there are formed dense and confused accumulations of 
cells, colonies, which consist of a great number of cells, and are irregularly 
arranged with respect to one another. Or, finally, the daughter-cells aris¬ 
ing from this division into twos, do not arrange themselves in chains, 
but at once form irregular deposits beside the mother cells, and are con¬ 
nected with them by intercellular substance. Thus are formed masses of 
numberless globular cells, which form jelly-like, often very tough, fibrous, 
drop-like, or membranous mucous masses. This mucous formation is the 
normal form assumed by those kinds which appear in pathological pro¬ 
cesses, and which cover the diseased organs in a dense layer, of are depos¬ 
ited into the interstices of the tissues. (This condition corresponds to the 
zoogloa-form of the rod-bacteria, but is distinguished from it mostly by the 
less development of intercellular substance; in consequence of which the 
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globular cells are closely pressed together, and present under the microscope 
an extremely characteristic, closely punctated or finely granular, shagreen¬ 
like appearance.) 

It is difficult to distinguish globular bacteria from the amorphous, pulverulent, 
molecular deposit (detritus) of the most various organic and inorganic substances 
(carbonate and oxalate of lime, resin, India ink, but especially from fatty and albu¬ 
minous substances.) 

Kyber {Dorp. med. Ztschr., 1872, III. 1 H., p. 44) regards as vegetable forms only 
those isolated granules which are provided with cilia. The granules of granular 
coagulated fibrin dissolved by the addition of acetic acid, the molecules of granular 
degenerated hepatic and renal epithelium, the granules generated in hyaline, mucus 
by acetic acid, the pigment molecules of the choroid—all have a globular nucleus and 
their incessant motion, the Brownonian molecular movement, is not to be distin¬ 
guished from the movement of the micrococcus. Most of these granules are dissolved 
or rendered pale in acids and caustic alkalies more easily than the micrococcus, only 
the pigment granules of the choroid are more resistant than the latter. The arrest 
of the movement by the action of concentrated acids and caustic alkalies leads K. to 
conclude, that the little bodies having become softer, and the medium simultaneously 
more dense, the movements produced by ordinary jars of new currents in the lluid 
escape our senses, but with a high magnifying power are seen as a lively trembling or 
turning. K. holds the vital movement of the micrococcus not to differ from molec¬ 
ular movement generally.—Consult also Lex {D. Ztschr.f. off. Gesundheitspfl ., 1872, 
IV., p. 47). 

Besides by their form and movement, globular bacteria are to be distinguished 
from rod-bacteria by their function. 

1st Genus. Micrococcus, Cohn. 

Cells colorless or slightly colored, very small, globular or oval, united by 
transverse division into short moniliform filaments of two or more mem¬ 
bers ( mycothrix, tor via-for ms), or into many-celled families (colonies, balls, 
heaps) or into mucous masses (zoo gloa-form, my coderma-form), without 
MOVEMENT. 

To this genus belong the following three “ physiological species,” since 
the distinction as to form and size is very difficult. 

a. pigment bacteria ; chromogenic globular bacteria / chromo genic forms 
of micrococcus, globular bacteria, which appear in colored jelly-like masses. 

They vegetate in the form of zoogloa (mycoderma of Pasteur). They form mu¬ 
cous masses, which in consequence of a very quick cell-increase, develop in a short 
time upon the surface of their sometimes liquid, sometimes solid, mostly organic 
nutritive substance ; and they are sometimes completely enveloped in colorless mucus. 
Pigment occurs only in contact with air. All create an alkaline reaction. Air always 
contains germs of these bacteria. The generation of pigment is not a result of ex¬ 
ternal conditions (variety in nourishment, etc.), but of specific and transmitted pe¬ 
culiarities. 

a. insoluble coloring matters (red and yellow). 

1. Micrococcus prodigies us, Coiin (monos prod. Eihienberg. PalmeUa prod.). 

Causes of the seeming blood-spots which sometimes during moisture appear on 
wafers, bread, potatoes, etc. 

2. Micrococcus luteus , C. 

B- soluble coloring matters (orange, green, and blue). 

8, 4, 5, 6. Micrococcus aurantiaceus , m. chlorinus , m. cyaneus , m. viola ecus. 

These do not belong to the globular bacteria which color milk blue and yellow, 
and pus like verdigris (vibrio synxanthus, etc. Eiir., bacteridium asrugineum 

SCIIROETER). 
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7. micrococcus ure.e : ferment of the urine ; ferment of ammoniacal fer¬ 
mentation. 

From the researches of Pasteur, v. TiEGnEM and Cohn, it appears that fresh acid 
urine, after having stood exposed for two days at a temperature of 30° C., is cloudy 
from development of globular bacteria, which separate as globules or oval cells, 
swim about, or become connected by twos, fours, eights, chain-like (torula-form) 
etc. Later, rod and filamentous bacteria also appear. 

c . pathogenic globular eacteria : “ ferments of contagion.” 

8. micrococcus vaccina; ( microsphcara vaccince , Cohn). 

Researches of ZORN, Hallier, Keber, Weigert, Coiin. 

9. micrococcus diphthericus, according to many the cause of diph¬ 
theria (vide ifra.) 

10. micrococcus septicus (microsporon septicum , klebs), according to 
many the cause of pyaemia. 

11. micrococcus bombycis ( microzyma bomb., Bechamp). 

The cause of a very destructive epidemic among the silk-worms of southern 
France, but altogether different from mmcardine and gattine. 

The micrococcus especially has in later years been the subject of the most zealous 
inquiry. It appears in microscopic investigations with extraordinary frequency, 
some specimens almost everywhere, when they are looked for in a not entirely fresh 
part of the body; it is probably also constant in some contagious general dis¬ 
eases. If the micrococcus happens in great quantity within a bloodvessel, it is most 
easily recognized by its disposition, by the peculiar smallness, the brightness, etc., 
of its individual elements. It is not changed by alcohol, ether, chloroform, caustic 
alkalies, and not too concentrated acids. Iodine colors it yellow ; carmine and 
haematoxylin sometimes color it, sometimes not. If, on the other hand, the micro¬ 
coccus occurs singly, or in too small numbers free from or within cells, the distinction 
between it and other forms of molecules is often impossible. 

Luders and Hen sen (Arch. f. micr. Anat., 1867, III., pp. 818, 342) found in the 
blood of healthy dogs, which had been withdrawn with all precaution, after it had 
stood for three days at 40° C., vibrios, while in the same blood which had been kept 
cold, they were found wanting. Klebs (Arch. f. exp. Path., 1873, I., p. 31) with 
like precautions failed to find them in the blood of healthy dogs. 

A complete isolation of micrococci has not yet been possible; the demonstrating 
experiments of many have not been successful in the hand of others. Ciiauveau, 
as well as Burdon-Sanjderson, submitted vaccine lymph to the operation of gravity ; 
the uppermost layers were altogether inoperative, the deepest (which contained the 
fungi) very effective. Tiegel (Ueb. d. fiebererreg. Eigemch. d. Microsp , sept. Bern, 
Diss., 1871) sought to separate by filtration by clay cells, the corpuscular elements 
from fluids of gangrene of the spleen containing bacteria, as well as from septic 
fluids. Bekgmann (D. Ztschr.f. Chir., 1872, I., p. 31)0) found that by freezing and 
thawing out a liquid containing bacteria, the liquid becomes separated into layers, and 
the surface to the depth of some lines is free from bacteria. M. Wolff (Med. Cea- 
tralbl., 1873, Nos. 8, 9) found by the Zaiin-Tiegel method of filtration, a few bac¬ 
teria and micrococci always present in the filtrate : it contained, after three or four 
days as a new cultivation the organisms in great abundance. The clay-cells thus do 
not prevent the passage of bacteria. Wolff likewise had little success with Berg- 
Mann’s freezing method for isolation of bacteria, as well as with repeated filtrations. 

Klebs (Atch. f. exp. Path.. 1873. I., p. 31) experimented with the cultivation of 
his microsporon septicum in isinglass glue. These experiments differ as to the 
known conditions entirely. Proliferation proceeds from the rod-like motionless 
bodies, bacteria, which probably by progressive splittings in the long axis, give rise 
to ‘ ‘ groups of isolated bacteria. ” By active division individual bacteria disappear, 
then arise “granular plasma-balls.” Farther on there appears a differentiation of 
their contents; a part becomes bacterian colonies, others remain homogeneous, have 
a dull and yellowish appearance, bear protoplasmic processes and appear contractile ; 

contractile pigment-bodies.” The last stage consists in the formation of an 
homogeneous mass, in which are found neither pigment granules nor bacterian colo- 
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nies : “ plasma-layer.” From this the same development may proceed anew as from 
the first-introduced germs. 

II. Gkoup : Microbacteria :—rod-like bacteria. 

Resemble globular bacteria in the small size of their cells, and their 
temporary union into jelly-like or mucous masses, but, apart from their 
physiological activity, they are distinguished by their short cylindrical form, 
and the spontaneous movement of their cells. 

2. Genus. Bacterium sensu str. Cohn. 

Short cylindrical or elliptical cells, which during segmentation ai’e 
connected in pairs ; the daughter-cells separate after complete division; 
rarely they again divide before they have become isolated, and then four 
cells are found in one row. The cells enjoy a lively spontaneous motion 
through abundant nutritive supply and access of oxygen, so that times of 
rest are often succeeded suddenly by motion. They do not form chains or 
filaments (thus do not appear in form of leptothrix or torula), but vegetate 
to form jelly-like masses (zooglda-form), which are distinguished from those 
of globular bacteria by an abundant and permanent intermediate substance. 

1. bacterium termo, Ehrenberg, Dujardin. 

Cells short, cylindrical, oblong, clear glistening or blackish according to 
position, the membrane comparatively thick. Mostly connected in pro¬ 
gressive division or in pairs. For the most part only 0,0015 mm. long, 
\—£ as broad. They fill up water in countless myriads as soon as putre¬ 
faction matter is present, and increase as long as putrefaction goes on, and 
disappear as soon as it stops. “ Bact. termo is the ferment of putrefaction, 
the saprogenous ferment.” 

The cells turn on their long axis and swim forward, then return a little or travel 
in curved lines through the water, for the most part not very quickly, as if trembling 
or wavering, also shooting forward with sudden springs, then again becoming quiet 
for a long time. 

2. bacterium lineola, Cohn. ( Vibrio lineola , Ehrb. Duj.). 

Cells distinctly cylindrical, 0,0038 to 0,0052 mm. long, to 0,0015 mm. 
broad, straight, rarely somewhat curved, with strongly refractive, soft con¬ 
tents which are also abundantly filled with fat-like granules, and thereby 
darkly punctated. They are single or connected in pairs. They form 
zooglda-form masses like bact. termo. 

They move like b. termo, but more strongly, swim about one end tremblingly or 
in curved lines, alternately forward and backward, etc. 

Klebs (1. c.) regards rod-bacteria as a phase of development of globular bacteria. 
He regards both as microbacteria with the following characters: cells colorless or 
feebly colored, very small, globular or oval (micrococcus), which unite into many- 
celled families (zoogloa). Within the latter the micrococci grow into rod-shaped 
forms (bacteria), which become free and freely movable. 

III. Group : desmobacteiua : —filamentous bacteria. 

Consist of elongated cylindrical parts, which if isolated, are similar to b. 
lin. but they increase by transverse division, and form by uniting, longer or 
shorter chains or filaments. The filaments are not constricted at the joints, 
like the moniliform chains (torulaform) of the globular bacteria, but 
throughout cylindrical (leptothrix filaments). They often form swarms, 
never zooglda-form masses. Their state of motion and rest changes with 
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the contained oxygen, etc. ; certain forms appear never to he movable 
(bacteridium , Dav.). 

3. Genus. Bacillus. 

Filaments straight. 

1. bacillus subtilis, Cohn ( Vibrio subtilis, Eiir.), butyric-acid ferment. 

Filaments very thin and tender, hence the articulation is seen with dif¬ 
ficulty ; the single articulations are mostly 0,00(3 mm. long, sometimes 
isolated (then distinguished with difficulty from b. lineola), sometimes made 
up of two articulations or forming still longer rows. Filaments in high 
degree supple, actively and passively. 

They swim straight, with alternating rest, sometimes clumsily, sometimes quickly 
and dexterously, then back again without turning around. They turn continually 
about their axis. The filaments for the most part make visible pendulum like move¬ 
ments about a varying point in the length of the filament. 

2. bacillus anthracis, bacteridia of gangrene of the spleen (Davaine). 

Very similar to the preceding. 

3. bacillus ulna. 

Filaments thicker and stiff, with dense finely granular plasma. 

4. Genus. Vibrio. 

Filaments wavy: either thick with single curving ( vibrio rugula ), or 
thin with many wavy curves ( vibrio serpens). 

IV. Group : spirobacteria :—screw-bacteria. 

They are distinguished from vibrio , Cohn, by the closer and narrower, 
regular, permanent spiral of the filament. The various forms occur mostly 
in company together. They appear only in infusions for which river-water 
is employed. 

5. Genus. Spiroch.eta, with a more flexible and longer closely-wound 
spiral. 

spiroch.eta plicatilis. In tartar from the teeth. 

6. Genus, spirillum. With stiffer, shorter, and more distant spiral. 

/Spirillum tenue , spir. undula , spir. volutans. 

A special arrangement includes the following plants: leptothrix and 
sarcina. 

leptothrix buccalis. 

Consists of long, very slender (0,0008 mm.) simple filaments which are 
divided by partition walls, and very brittle. In every one it occurs upon the 
finely granular masses of decomposition within the mouth (summit of the 
papillae of the tongue, sediments around the teeth, tartar); in great masses 
in the sick, with thick brown coating on the tongue (typhus). Constant in 
the intestines, and in the feces. Very frequent in the vagina, sometimes in 
the lachrymal ducts. Without special local pathological significance, but 
the cause, perhaps, of caries of the teeth. 

Most observers admit a filament formation in all bacteria without distinction; 
Coiin does not. The chains of globular bacteria are distinguished from leptothrix- 
forms of filamentous bacteria by the fact that the latter are not constricted at the 
articulations. 

According to L Mayer (Monatssehr. f. Geburtxk. , XX., p. 2) and others, a similar 
parasite consisting of broad filaments occurs also in the normal and morbid secretions 
of the vulva and vagina. According to Winckel (Bed. M. Wvchensckr. , 1866, No. 
23) the broad forms only rarely have in pregnant women any other results than, per¬ 
haps, hyperaunia and increased secretion. 

A parasite resembling the Leptomitus uteri and mud uterini was found by L. Mayer 
( 1. c.) upon the inner surface of the labia and in the vagina. It forms spots, whitish or 
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yellowish, as a rule, loosely distributed upon the mucous membrane, rounded or ir¬ 
regularly formed, with a diameter of from 4 to 10 mm., resembling patches of thrush. 
Sometimes they cover these great surfaces. Less often they adhere like diphtheritic 
membranes to the mucous membrane, and when removed leave behind superficial 
ulcers. 

According to Leber and Rottenstein ( (Inters, ub, d. Caries der Zdhne., 1867) 
caries of the teeth depends upon the growth of leptothrix buccalis. In the interior of 
the enlarged tubuli of the teeth granules of fungus are found, which can expand the 
canals into broad pouches ; then originate processes filled with fungi, which procure 
the resulting complete decay of the tooth. At the commencement of caries the 
enamel and dentine are, by means of the spores (which originate preferably in the 
mouth through various processes of fermentation), attacked in the same place, be¬ 
come softened and thereby prepared for the entrance of the fungus. (According tc 
others, chemical substances, especially acids, destroy living as well as dead teeth.) 

Forster ( Arch.fOpth ., XV., p. 818) and v. Graefe (Zb. p. 324) saw leptothrix 
in the lachrymal ducts, and, as a result, stillicidium and catarrh of the lachrymal 
ducts. 

Leber {Med. Ctrlbl., 1873., No. 9) induced by inoculation of masses of lepto¬ 
thrix (out of the normal oral cavity) upon the cornea of a rabbit, a very intense hy¬ 
popyon-keratitis, similar to that of man : microscopically, a dense infiltration of pus, 
but no fungus growth. The identity of Leber’s disease with Ebertii’s diphtheritis 
of the cornea is questionable. Probably, however, progressive suppurative keratitis 
of man arises by septic infection, in many cases, perhaps, from the decomposing se¬ 
cretions of the lachrymal passages, in diseases of these parts. 

The following fungi are doubtful, having been found at the most only once or few 
times: Lcptomitus urophdus (Rayer); Leptomitus Hannoceri ; Leptomitus epidermidis 
(Gublf.r) ; Leptomitus uteri (Lebert) ; Leptomitus muci uterini (Wilkinson) ; 
Leptomitus oeuli; Oscillaria intestini (Farue). 


sarcina ventriculi, (Goodsir) :—sarcina. (Merismopoedia punctata s. 
ventriculi .) 

Forms 4, 8,16, 64-(etc.) fold flat cubical cells with an average size of 0,01 
mm., each of which is usually divided deeply into four parts and for the 
most part contains 2 or 4 pale or slightly reddish nuclei : it is seldom with¬ 
out nuclei. They lie together in cubical symmetrical heaps. Out of these 
cells, rounded cells are at first formed through continuous quadruple stran¬ 
gulation and division. The cells are heavier than water and sink in liquids. 
It occurs especially in the fluids of the stomach (vomits), less often in 
the fluids of the intestines (diarrhoeic stools), in the urine, in pus, and fetid 
liquids in various localities. It is probably for the most part without 
pathological significance. 

Whether the sarcinae occurring in different localities belong to the same species is 
not surely determined. According to Itsigsohn ( Virch. Arch. XIII., p. 541) sarci- 
na originates from some one of the Osci'datoria?. several species of which occur in 
our springs. According to WEISE (Perl. kl. Wschr. , 1870, No. 34), probably from 
Diatomaciop. , and so is neither a true animal nor vegetable form. He proposes for it 
the name of Frost (da ventriculi. 

According to Coiin (1. c.) sarcina is a genus of the schizomycetes ; it divides cross¬ 
wise by partitions, bacteria only traversely. Coiin saw sarcinae outside the human 
organism on cooked potatoes, as did also Lostorfer in the blood. 

As Pneumonomycosis sarcinica Virchow (Arch. IX. p. 574, X. p. 401) and 
Coiinukim (Id. XXXIII., p. 157) have described cases in which the sarcina was pro¬ 
bably the cause of pulmonary gangrene. In other cases it had doubtless passed out 
of the stomach into the lungs (Zenker and others). 


In what follows, we shall consider the vegetable parasites with respect 
to their relations to the human body. Therein, on account of our 
imperfect botanical and pathological knowledge, there exist manifold un- 
certainti 's, and repetitions cannot be avoided. 



DISEASES FROM MOULDS. 
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1. The so-called mould-diseases, or mykoses. 

The mould diseases are conditional upon the above-mentioned mould- 
fungi. They are all called from their locality: Dermato-, Pneumono-, 
(etc.) mycosis aspergillina. They occur first of all only upon parts affected 
with necrosis, or other lesions, particularly upon ulcers of the skin (inch the 
nails and external organs of hearing) and of mucous membranes, as well as 
in parenchymata with which these parts are more or less connected (lungs— 
expectoration). When found upon free surfaces and not too feebly devel¬ 
oped, they present to the naked eye an appearance resembling mould: they 
form now sharply defined, circumscribed spots, now an irregular more diffuse 
covering of a dirty greenish grey color. When the mould happens upon 
the nails, before or after previous splitting of the body, a thickening 
appears, and a yellowish discoloration shining through from beneath, which 
sometimes occupies the whole length of the nail, sometimes only its anterior, 
and lateral portions. 

Consult the collections of IIeusinger (Ber. d. Wiirzb. zoot. Amt. , 1826) and Vir¬ 
chow {Arch., IX., p. 557). Since then numerous isolated observations of Mykosis 
occurring in several localities have been published: most relate to the external 
organs of hearing, (Cramer, Mayer, Sciiwartze, Steudener. Wreden,) and 
the lungs (Virchow, Friederich, Diiscii, Coiiniieim.) —Particularly numerous are 
the cases of mould formation within the healthy as well as diseased air-passages 
and air-chambers of the bones of birds. Upon the mucous membrane of the air- 
passages, this formation is sometimes so active that the entrance of the air into the 
lungs is hindered (Gluge, and others). 

Salisbury ( Schm. Jb. CXXI., p. 49) saw among threshers, and in military camps, 
an outbreak resembling measles caused by fungus spores from straw. [Am. Jour, 
of Med. Sci ., 1862, II., p. 17, p. 387.] 

Perhaps here also belongs the so-called Madura-foot (Hirsch) or Mycetoma 
(Carter), of whose fungus very little is yet known. In isolated districts in the 
East Indies the complaint is endemic, occurring preferably on the foot, and causes, 
in the attacked part, considerable deformity and dull pain. The fungus grows first 
in the subcutaneous cellular tissue, which thereby and in consequence of the inflam¬ 
matory infiltration is greatly thickened. For the most part only after several years’ 
duration, warty nodes arise, which become perforated and emit a thin, yellowish, 
stinking liquid with numerous little black masses, which contain among other things, 
fungus-filaments and spores. The ulcer passes through the soft parts to the bones. 
Death results for the most part from marasmus. (Consult the descriptions. Gill 
and A. V. Carter, Bidie and the collections of cases by Hirsch in Virch. Arch. 
XXVII., p. 98.) 

In many cases, disorders of the digestive apparatus have been observed after the 
use of mouldy bread and sausage. With respect to this, indeed, it remains ques¬ 
tionable, whether mould fungi or the chemical changes of the food are the cause 
of the affection (IIusemann, Udb. d. Toxicologie , 1862. Suppl. 1867.). Mosler 
(Virch. Arch. 1868, XLIII.. p. 161) saw inflammation of the mucous membrane of 
the stomach arise through the use of blue milk (the blue color was due to fungi). 

IT. The fungi of the true parasitic diseases of the skin and 

MUCOUS MEMBRANES. 

The parasites under consideration come passively upon or within the 
body. They reach the outer surface through the air, or by direct or indirect 
contact (clothes, bedding, combs, razors, etc.). The infection is com¬ 
municated sometimes from man to man, sometimes from domestic ani¬ 
mals to man ; especially often does the latter occur in the parasitic forms 
of herpes. These parasities happen upon the mucous membranes or 
within the body, even in the lymph and blood-vessels, through immediate 
accidental transportation (e.g., in catheterization), or through the air 
which we inhale, or with the food. 


GENERAL EFFECTS OF FUNGI. 
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The fungi indicate no special predisposition on the part of their bearer. 
They grow and increase as well probably upon the healthy as upon the sick. 
Moisture and warmth (damp dwellings, moist poultices, woollen under¬ 
garments), are particularly favorable. 

The local maladies of tne skin and of the mucous membranes, particularly 
those provided with laminated epithelium, have until now been almost the 
only ones fully known. Whether fungi attack the altogether normal 
portions of the skin and mucous membrane, and there develop, is still in 
dispute : usually indeed it is the portions of skin which were kept less 
clean, and of mucous membrane of the same kind, or such as had suffered 
impaired function, or where previously small erosions had existed. From 
such places, then, the fungous growth spreads about upon the surrounding 
normal structures. The filaments and spores grow and increase preferably 
between the epithelial cells (with most difficulty between those of the upper 
layer,—most easily between those of the middle layer), between which 
arise the hair and nails, causing them to become loose, and effecting their 
atrophy and final destruction or falling off. In this formation pus does 
not usually appear; but there exists for the most part a marked hyper- 
semia. Growth takes place partly on the surface, often so that larger 
or smaller sharply defined groups arise, partly beneath the surface, with 
or without the aid of the gland-ducts of the hair, and the liair-follicles. In 
the deepest epithelial layers, on the surface of the fibrous tissue of the skin 
and mucous membrane, the growth of the fungi usually ends. Rarely do 
they grow between the fibres and pass into the vessels of the lymphatic and 
vascular systems. 

The consequence of the presence of the fungi referred to are : 

Irritation of the sensory nerves, which results, partly perhaps in a 
direct manner from the presence of the fungi, between the epithelial cells, 
but in great part from hyperaemia, which the foreign bodies maintain by 
their spreading and growth. Thus arises the not infrequent violent itching 
in pityriasis versicolor , and the burning sensation of the mucous membrane 
of the mouth in thrush. 

If the fungous deposit is considerable, it gives rise like other foreign 
bodies to inflammatory irritation, which leads to erosion and ulceration 
(particularly the favus and thrush fungi). Thereby the neighboring lym¬ 
phatic glands may become swollen. 

By the pressure of the fungous masses, the subjacent skin undei’goes 
atrophy, by their growth into the hair-follicles and hair, destruction and 
falling off of the hair follows, as in herpes tonsurans and in favus. 

When the quantity of fungi is large, they cause, in addition to the 
CHEMICAL DECOMPOSITION OF THE CONTENTS OF THE CAVITIES which they in¬ 
habit, swelling, e. </., as the thrush of the oval cavity. In this manner, 
new irritations can arise, which lead to convulsive muscular movements, 
vomiting, eructations, or to catarrhal secretion, to diarrhoea, etc. 

Only by enormous growths of fungi do stricture and closure of 
channels occur, such as, most rarely, of the oesophagus, and the great air- 
passages by the thrush-fungus. 

In rare cases, where the fungi penetrate the bloodvessels, local thrombo¬ 
ses, or embolic masses of the fungus itself can perhaps occur with the 
usual consequences. ( Vide infra.) 

First of all, SciioNLElN in 1839, for favus, and soon after J. Vogel, for thrush, 
furnished exact proof that fungi were the cause of local disease of the skin. Very 
quickly then were fungi discovered to be the causes of other diseases of tho skin 
and mucous membranes. 




TKICOPIIYTON TONSURANS. 
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While the Eetiological signification of these fungi has thus been determined, it has, 
in later years, on that account especially, been questioned whether the different 
fungi truly belong to different species, and whether most of them do not belong to 
the same mould-fungus. (T. Fox, Halliek. ) 

The fungi to be studied in this connection are: 

Tricophyton tonsurans (Gruby). This consists of round, transparent, 
large (0,044—0,01 mm.) spores or spore-rows. They develop in the roots 
of the hair and pass hence into the shaft of the hair, so that the latter is 
entirely destroyed and breaks off; likewise in the sheath of the hair-roots, 
and surrounding epidermis, seldom in the nails. This is the reason of the 
occurrence, especially upon the scalp, and more rarely on other parts of the 
skin, of herpes tonsurans (ringworm, porrigo scutellata , teigne tondante , 
phyto-alopecia) ; also of the parasitic forms occurring upon the beard, men¬ 
tagra or sycosis, of eczema marginatum / likewise, finally, of many forms 
of onychomycosis. 

According to Hallier {Gdhrungsersch. , 1869), the trichophyton proceeds from 
aspergillus. Neumann confirms Hebra’s opinion founded on clinical observation, 
that herpes tonsurans and favus can arise by one fungus, and indeed, according to 
Neumann, from penicillium, in single cases also from trichothecium. In \Vyss’ 
(Schweiz. Corr.-Bl., 1871, I., p. 45) experiments in cultivation with mycelia from 
herpes tonsurans and favus, there were developed, after three months, numerous 
fruit forms of aspergillus , for the most part of the usual appearance, in part also with 
filamentous greatly elongated basidians. 

According to Gerlach, an affection similar to herpes tonsurans occurs in cattle 
(Die Flechte des Rindes , 1857) and in dogs (Mag. f Thierheilk , 1859), and according 
to Stein (Drag. Vjsc’r ., 1860), and Barenspkung ( 1 . c.) an affection similar to h. 
circinatus occurs in cats. BarensprunG (1. c., p. 124) furnishes a number of exam¬ 
ples in which herpes circinatus and tonsurans were traced back to an infection ema¬ 
nating from domestic animals (cattle, horses, dogs, cats). Otte. Frazer, Tuck- 
WELIj, and others, have made similar observations. 

In HERPES tonsurans of the scalp, there appear one or more round bald spots of 
varying size, where the hair is entirely absent or broken off near the surface, and 
without lustre and elasticity. According to Neumann it appears : 

(1.) As h. tons, vesiculosus: small punctiform vesicles with clear contents, 
arranged in circular form, which after a few hours dry, leaving behind small thin 
scales and crusts. Immediately after new vesicles arise with similar destiny, and 
thus peripherically the disease increases in extent. 

(2.) h. tons, maculosus forms pale reddish spots, in the centre of which is a slight 
whitish scurf; they spread peripherically, while the centre grows pale, thereby 
giving rise to a form of erythema annulare. 

(3.) h. tons, squamosus, a later stage of the two forms named above. 

The cause of mentagra. or sycosis was former] 3’ held to be a special form of 
fungus, the microsporou mentagrophytes (Robin). There are, however, according to 
Kobner ( Virch. Arch. XVII., p. 372) and Ziemssen (Greifsw. Beitr. II., p. 99), 
two forms of mentagra, one purely inflammatory ( folliculitis barbce ), the other 
parasitic. The fungus of the latter is identical with that of herpes tonsurans. This 
is proven by the form, size, and propagation of the fungi, so that herpes tonsurans 
can be generated upon the skin of the same or of another individual by means of the 
crusts of sycosis, and in turn the crusts of h. tons, can give rise upon a healthy beard 
to a sycosis. The fungus, in sycosis, is developed between the hair and root sheath, 
grows from beneath to the loosened hair and causes its atrophy, while the tissues 
surrounding the hair-follicle degenerate into a condylomatous swelling (papillary 
hypertrophy.) That the fungus causes more marked appearances in the skin of the 
beard than on the scalp, is accounted for by the more considerable size and deeper 
implantation of the hair-follicles, and by the thickness of the corium and subcu¬ 
taneous cellular tissue rich in glands and vessels. 

The eczema marginatum of Hebra, which is characterized by its constant 
localization on the inner surface of the thighs, on the mons veneris, and on the skin 
of the seat, much more seldom on other parts (in the beginning appearing as large, red, 
raised spots), by its peripheral advance and simultaneous involution in the centre, by 
tho marked limit of the periphery in the form of a raised brownish-red border, upon 
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which scales, papules, and pustules, later sometimes also crusts, are often found, as well 
as by its almost exclusive occurrence in man, and especially in shoemakers, is, accord¬ 
ing to Kobner, dependent upon trichophyton tonsurans (or mtcrosporon furfur, 
Neumann.) This is shown by the course of the disease, knowledge of the parasite, 
and experiment. According to Neumann, the fungus elements in eczema mar¬ 
ginatum grow by cultivation into peniciUium glaucum , or into triclwthecium. In 
other cases ecz. niarg. originates in an already preformed ecz. intertrigo , so that the 
fungi belonging to the latter grow on between the cells of the epidermis and then 
modify the form of the propagation of the eczema (Neumann). 

Onychomycosis, in which one or more nails appear loosened and thickened, and 
have a dirty-yellow color, an uneven, fissured surface, and are easily split, is in many 
cases due to trichophyton tonsurans. 

ACHORION SCHCENLEINII : FAVUS-FUNGUS. 

The mycelium consists of simple, or branched, cylindrical, curved fila¬ 
ments, which are either articulated or divided by partition walls. Of these 
are formed the long, broader, filamentous receptacula, which are articulate 
and contain rows of spores. The spores are round or oval; send forth sin¬ 
gle or manifold shoots, and form jointed series of filaments, out of which 
the mycelium is developed. Besides, micrococcus continually appears. It 
is found in the deeper layers of the epidermis, later, also, in the sheaths of 
the hair-roots, and in the shafts of the hair themselves, although only 
between the cells. The size of the scabs is 1—10 Q mm., their thickness 
1-6 mm., scutellate, yellow or brownish from dirt, dry and brittle, and they 
consist of an outer amorphous finely-granular mass, and an inner proper fun¬ 
gus-mass. The latter shows especially upon its exterior the mycelium, in 
the interior follow the receptacula, innermost are the spores. 

This is the cause of favus ( tinea or porrigo lupinosa , tinea favosa) 
especially on the scalp, more seldom on other parts of the body, extremely 
rare on the whole body ; and of most forms of onychomycosis. 

Zander saw favus also in cats and mice. 

Those affected with favus incur the nail-fungus by scratching (Krause, Ripping, 
B. Wagner, and others). 

According to Haulier (1, c.), Stark (Jen. Ztschr ., II., p., 220) and Pick (Unter- 
such. iib. d. pflzl Ilautparasiten, 18(55), special experiments by inoculation with favus, 
herpes , and peniciUium (or aspergillus) all yield a similar result: (1) in epidermal in¬ 
oculation of favus fungus, a herpetic eruption generally precedes the development 
of the favus crusts (initiative herpetic stage of Kobner); (2) this passes on to favus, 
or to herpes tonsurans ; (8) inoculation with fungi from herp. tons, generally yields 
again only herp. tons., sometimes, however, a form of diseases is developed which 
is identical with the herpetic initiative stage of favus, and being abortive passes 
away ; (4) after a long duration of the favus, in cases of more luxurious vegetation, 
organs of fructification appear, which belong to the panic, glauc. and to a form of 
aspergillus ; (5) inoculation with penic. glauc. on the skin of man gives rise to a dis¬ 
ease identical with initiative herpetic stage of ficus; (6) thus, one and the same 
fungus gives rise at one time to favus, at another time to herp. tons.; (7) this fun¬ 
gus does not occur exclusively in diseases of the skin, but belongs in nature to a 
very widespread species of fungus.— Strube. Kobner (1. c.) and others, observed 
that herp. tons, always gave rise by inoculations only to herp. tons, and that only 
favus always arose by inoculation with favus. The herpetic initiative stage of favus 
is, according to K., indeed similar to herp. tons., but not the same. 

According to Rindfleiscii (Virch. Arch., LIV., p. 108) the identification of achor. 
Sell, with peniciUium, aspergillus, etc., is premature; rather achorion belongs to a 
place intermediate between yeast-fungus and thread-fungus, where articulate fila¬ 
ments and higher differences with respect to fruit-formation are opposed. 

MICROSrORON AUDOUINI (GrUBY) . 

Consists of undulating forked filaments upon which small spores are directly 
placed. Found around the shaft of the hair, after its exit from the follicle, in masses 
so thick that the hair breaks off for the most part at that place and causes baldness. 


MTCROSPORON—OIDICM. 
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It is, according to Gruby, Bazik, Hebra, the cause of porrigo decalyaks 
(area Cel-si s. alopecia circumscripta), while according to Hutchinson, Baren- 
sprung, the author, IIindfleiscii, Kohn, this affection is not parasitic, but of a 
nervous nature, vide infra. 

MTCROSPORON MINUTISSIMUM (BURGIIARDT and B A REN SPRUNG.) 

Is distinguished by the special delicacy of its elements. It is the cause of a 
limited contagious affection, for the most part upon the inguinal, or axillary regions, 
the so-called f.rythrasma, which like the pityriasis rubra appears in the form of 
rounded or rosette-like, red, sharply defined dry spots Kobner saw several such 
cases. 

MICKOSPOROX FURFUR (ROBIN). 

Consists of masses of large (0,005 mm.) round, mostly nucleated spores 
and lengthened or branched cells, and only sometimes of very numerous 
broad (0,004 mm.) filaments. The spores shine, have a sharp double 
contour and form dense clustered groups. It is developed in the horny 
layer of the epidermis, commonly around the opening of the hair-follicles, 
especially upon the breast and back, never on the freely exposed parts of 
the body, nor on children. It causes yellowish or reddish-yellow, spotted 
discoloration of the skin, the spots covered with bran-like scales, and some¬ 
times violent itching—it is the cause of pityriasis versicolor, or chloasma. 

According to Paolini and Gamberini, a fungus similar to that of favus and 
pityriasis versicolor is also found in iothyosis. 

zoogloa capillorum (Martin and Buhl). —Agrees mostly with the forms of 
palmella. Consists of a structureless, jelly-like basis-substance in which very small 
cells, analogous to the yeast fungi, are embedded. It colors the haSr, first yellow, 
yellowish-red, blood-red, brownish-red, finally brown and even black. It is situated 
under the external layer of the hair. (Ztschr. f. rat. Med. 18(32, XIV.) 

OIDIUM ALBICANS (ROBIN) : TIIRUSIl-FUNGUS. 

Consists of cylindrical, branched, curved, strongly refracting, sometimes 
branched (tree shaped) filaments, which are composed of long cells con¬ 
nected together, between which constrictions are often found. Each of the 
long cells contains many granules. The ends of the filaments are lost in 
masses of spores, with a large, often divided spore-cell. The free end is 
simple, rounded, or terminates in one or several large oval spores connected 
together. The latter are round or oval, often united to one another, con¬ 
tain granules and constitute large masses upon the epithelium. It is 
often found, and sometimes in large masses, in nursing children, especially 
within the first weeks of life, as well as in adults affected with wast¬ 
ing diseases (typhoid fever, tuberculosis, etc.) : upon the mucous membrane 
of the mouth and throat, seldom upon that of the oesophagus, nose, large 
air-passages, lungs; seldom upon the labia, breast and lips of infants. It 
occurs in infants especially through want of cleanly attention to nursing- 
bottles, and in warm weather. It represents the so-called thrush, aphthae. 
The aphthae of the new-born form grayish or yellowish white round spots 
of the size of a pin-head or lentil, especially upon the boundary between 
the hard and soft palates. They gradually enlarge, unite and ulcerate. 
The aphthae of adults are situated especially on the mucous membrane of 
the lips and cheeks and on the end of the tongue. 

According to burciiardt {Char. Ann.. XII., p. 1) the fruit-capsules of the thrush- 
fungus present round or oval, sometimes double-contour capsules, .02 to .083 mm. in 
size, which are entirely filled with spores, and burst very easily. B. could not discover 
connection between the capsules and filaments. 

In opposition to Winckel (s. p. 93) and in accordance with Haus.mann (Berl. vied. 




100 


FUNGI OF FERMENTATION AND PUTREFACTION. 


Ctrbl. 1809), the fungus occurring on the female genitals is identical with oidium 
albicans. It is like the latter, transmissible. Also the pure thrush-fungus of the 
mouth is transmissible to the vaginal mucous membrane. Sowings with penic. 
glaucum , asperg. glaucus, the fungus of pityriasis versicolor, were attended with 
negative results. 

Koiin (Sitz. d. Ges. d. Wien. Aerzle , 29 Mai. 1871) found in many cases of eczema 
impetiginosum faciei ( impetigo contagiosa of others) filamentous fungi, once also their 
organs of fructification. It is still questionable whether in herpes iris and circinatus, 
as well as in erythema multiforme , fungi are essential or accidental. 

DIPLO SPORIUM FUSCUM (HAULIER). 

Sometimes on diphtheritic membranes of the throat. Consists of extremely 
delicate, scaly and irregularly ramified articulated filaments. The long extended 
branches are, with quite regular alternation, covered with short, perpendicular lateral 
branches. The branches seldom remain vegetative; for the most part they very 
soon show at the end a small folliculous swelling, which very quickly enlarges and 
is defined from the extremity of their bearers as oval, double contour spores. The 
spores assume at the time of their maturation, a bright brown color. 

III. FUNGI AS EXCITERS OF FERMENTATION AND PUTREFACTION, AND AS 
CAUSES OF CONTAGIOUS AND OTHER DISEASES. 

The mould and yeast fungi, in rare cases also a few other fungi, which 
have already been mentioned, probably also a few other not well known, 
have, besides a local, a very important general significance. This depends 
upon the fact, that their germs, everywhere present in the air, are prob¬ 
ably the most essential cause of the various fermentations taking place with¬ 
out and within the organism, as w r ell as of the putrefaction of organic 
bodies. In both processes the extraordinarily active vegetative fungi take 
up as nourishment formed elements out of the affected substratum, and so 
decompose the substratum itself. 

That fungi are the cause of several, more or less specific fermentations 
(acetic, alcoholic, lactic, butyric, & c . ) is very probable. Fermentation is 
that peculiar process of decomposition which organic bodies, especially 
those noii-nitrogenous, suffer when they come in contact with a ferment or 
with organisms acting as ferment ( e . g. the decomposition of sugar into 
alcohol and carbonic acid by yeast). Also, for the appearance of fermenta¬ 
tion there must be a proper temperature, water, and, for the most part, ac¬ 
cess of atmospheric air. 

The importance and specific nature of fungi for fermentation has been especially 
shown through the works of Pasteur. According to Liebig and recently Hoppe- 
Seyler, fermentation does not depend upon fungus, but is purely chemical, a process 
dependent upon so-called contact-substances. ( Med.-Chem. waters. , 1871, 4 H., 
p. 561.) 

Those fermentations are of pathological interest which take place iu the 
organism, and particularly in those cavities which are provided with a mu¬ 
cous membrane (stomach, bladder, etc.). The organisms which excite fer¬ 
mentation (yeast-fungus, mould-fungus, often also vibrios and bacteria) are 
introduced casually, by the food and drink, and by means of unclean instru¬ 
ments (catheter) into the interior of the body. They sometimes cause slight 
irritations, sometimes inflammation of the affected mucous membrane and 
of the parenchymatous organs connected therewith, e. //., the kidneys. This 
is due partly to the increase of the fungi, partly to swarm-spores, also indi¬ 
rectly, perhaps, to the chemical changes induced by them. 

Whether the yeast-fungus and the sarcina-fungus exert an injurious influence 
upon the mucous membrane affected, is not yet determined {vide infra). 
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Very likely, however, with respect to bacteria and mould-fungi which find an en¬ 
trance into the bladder by means of unclean catheters, alkaline fermentation of the 
urine may occur with consequent so-called parasitic cystitis, pyelitis and nephritis 
(Traube, Bed. klin. Woclienschr. , 18(14, No. 2). See also Ki.ebs, Ildb. d. path. 
Anat ., 1870, I., p. 655. 

The fungus-formations observed on the mucous membrane of the mouth and intes¬ 
tinal canal have sometimes only a local importance, sometimes they give rise to 
severe and fatal maladies. Bacteria in the mouth, on the teeth, stimulate the nitro¬ 
genous remains of food to putrefactive fermentation, and produce lactic acid from 
sugar—they are the immediate cause of common caries (see p. 94). The thrush- 
fungus gives rise usually only to a light local disorder of the oral cavity (see p. 99). 
This is, however, not always so. Zalesky ( Virch. Arch., XXXI., p. 426), saw 
thrush also in many spots in the stomach and small intestines ; the child had had 
violent vomitings, later also diarrhoea. I ( Jahrb. f. Kinderhlk., 1868, I., p. 58) saw 
an extension of this fungus into the lumina of vessels of the mucous membrane 
of the oesophagus. Zenker ( Jahresber. d. ges. f. Natur- u. Ileilk. in Dresden , 
1861 62) found in an extended encephalitis, numerous small sharply circumscribed 
points of pus, which could be lifted up with a needle, and under the microscope 
shown to be little masses of fungus filaments enveloped in a thin layer of pus. The 
mucous membrane of the tongue and throat was covered with masses of thrush. 

As Hay-fever vi briones, Helmholtz (Binz, Virch. Arch., XLVL, p. 100)de¬ 
scribes little vibrio-shaped bodies, which are expelled in an attack of hay-fever only 
during violent sneezing. The usually isolated single articulations are 0,004 mm long 
and contain four granules in a row, which are again closely united in pairs. They 
move upon the warm object-plate partly with a trembling motion, partly by darting 
forward and backward. 

Furthermore, fungi are the causes of decay as well as of putrefaction of 
organic, especially nitrogenous bodies: in the latter, reduction, in the 
former, oxidation takes place. In both processes the corresponding fungi 
occur: in the former, the so-called anaerophytes, which do not need the 
direct influences of the air (vibrios) ; in the latter, aerophytes: monads 
and bacteria. In decay an active oxidation goes on under the influence 
of the fungi, whose products are water, carbonic acid, ammonia and 
organic compounds, more simple than those which were originally present. 
The greatest part of the organic bodies is thus destroyed, so that only a 
comparatively small quantity is taken up by the fungus as nourishment. 
In the same substratum the process of decomposition differs with the 
fungus present. Decay is arrested, even at a temperature suitable for 
decomposition, if the bodies attacked are protected from the access of 
fungus germs. Putrefaction, according to more recent investigations, is in 
the same manner dependent upon bacteria, as tjie various fermentations of 
non-nitrogenous bodies upon yeast-fungi. (See p. 8G.) 

Experiments made by Spallanzani, later by Fr. Schulze, Schwann, Helm¬ 
holtz, Schroder, v. Duscii, v. d. Broek, especially by Pasteur, show that 
organic substances, left to themselves, easily enter into decomposition simultaneously 
with the appearance of fungi, etc. ; but that these substances do not change, and 
remain free from fungus formation, if they are exposed to a temperature which kills 
the fungus-spores present in them, or if such air has access to them out of which the 
organic germs have been removed (by being passed through sulphuric acid, or solu¬ 
tion of potash, or over a red hot surface, or filtered through disinfected cotton 
filters, or dry animal membrane). By placing a fluid very prone to decomposition in 
an alembic with very narrow neck, which is open, but bent from one side to the 
other or downward, so that the germs happening to be present in the air cannot 
fall into the liquid but must remain in the neck, and by boiling the liquid a few 
minutes and then letting the vessel remain open, the liquid will remain intact and 
free from organisms. Break off the neck, and appearances of decomposition will be 
present in from 18 to 24 hours. (De Bary.) 

Besides the influence of fungi in ordinary decay, it is shown in other similar pro¬ 
cesses in the putrefaction of eggs, of fruits—where the fungi penetrate for the 
most part only through injured spots of the shell or keek 
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According to Cohn (. Settles. Ges. f. vaterl. Cult. Sitz. v. 14 Feb., 1872), all 
putrefaction is attended by the development of bacteria; it begins if the ap¬ 
pearance of the latter is permitted, progresses regularly as the latter increase; 
with the arrest of the putrefaction, the increase of bacteria is also arrested, which 
precipitate a pulverulent deposit, or in jelly-like masses (zoogloa), (like yeast in 
thoroughly fermented solutions of sugar). Bacteria are excitants of putrefaction 
(saprogenous), the mould-fungi and infusoria frequently developed in putrefying 
substances are only attendants of these (saprophilia). Infection with bacteria 
takes place not through the air (Appert, Schwann, Pasteur), but (B. Sander¬ 
son) only through contact with unclean surfaces- of bodies (skin, instruments), 
especially through the water, which always contains bacteria-germs, unless freshly 
distilled. According to C. the transfer of bacteria-germs through the air takes 
place at least with difficulty. Bacteria are normally developed and increase in every 
liquid which contains, besides ammonia or nitric acid, a body containing carbon, 
free from nitrogen. Since bacteria assimilate nitrogen in form of ammonia or 
nitric acid, their action in putrefaction seems to be to decompose albuminous com¬ 
pounds into ammonia, which is assimilated, and into other bodies, which appear as 
co-products of putrefaction. Putrefaction is the decomposition of albuminous com¬ 
pounds by bacteria in a similar manner as alcoholic fermentation is the decomposi¬ 
tion of sugar by the yeast-fungus. 

ItiNDPLEiscn ( Virch. Arch. LIV., p. 1396) distinguishes two forms of schizomycetes 
of putrefaction, bacterium and micrococcus; the former is a constant, the latter a 
frequent attendant of the process of putrefaction. Without the access of bacterium 
the common stinking putrefaction does not appear, unless the conditions of putre¬ 
faction have been the most favorable. Decomposition without stink (as in still-born 
children) takes place without schizomycetes. The germs of bacteria are present in 
enormous quantity in all terrestrial moisture. The air usually contains, especially if 
it has been very rainy, very many fungus-spores, but no germs of bacteria. (Rind- 
FLEISCH, 1. c.) 

In how far fungi are present in the various forms of gangrene, is not yet deter¬ 
mined. In the greater number of cases, fungus formation is surely secondary. 

General diseases, of which fungi must without doubt be regarded as 
causes, are in human pathology very little known. On the other hand we 
know of many vegetable and animal diseases which are with certainty the 
result of fungi. Among vegetable diseases belong the so-called brand, rust, 
etc., of our grains, the grape and potato disease ; among animal diseases 
some affections, occurring widely, of caterpillars, flies, etc., as well as gan¬ 
grene of the spleen of mammals. 

The infection of plants by parasitic fungi takes place only after the latter have 
sent adrift a germ-pouch. The germs either find their way into fissures of the plants 
receiving them, then pierce into the spaces found beneath and from there into the 
intercellular ducts ; or, as SCIIACHT has shown, they penetrate by a sort of absorption 
or chemical solution through the cell-walls, forming sharply defined holes, and thus 
go far into the interior.—The grape-disease is due to oidium Tuckeri (Moiil, Botan. 
Ztg. 1862, p. 9; 1853, p. 585 ; 1854, p. BIT), the potato-disease to perotwspora in- 
festaas (Du Bary, Die gegenwiirtig herrsch. Kartoffe'Jcrankheit. 1861), etc. 

The importance of parasitic fungi for the lower animals, which through them 
are destroyed by millions, singly or epidemically, was first shown in the so-called Mus- 
cardine of the silk-worm (Bassi, 1835). Equally noteworthy is the fungus of the 
house-fly ( entomophthora s. empusa musem). At first, numerous little colorless 
cells arise, in an unknown manner, in the blood of the animal. These quickly grow 
to a considerable size, retain their spherical or egg shape, or grow into stretched 
pouches. The back part of the body of the flies swells out considerably, their motion 
becomes slow, and they die with peculiar stretching and crooking of the legs. 
Already before death the cells have extended into the interior, and bear cysts with 
blind extremities, which elongate and branch root-like, and supplant and consume 
both blood and intestines. In from eight to ten hours after death, the membrane 
between the segments of the body becomes pierced by the ends of the cysts above 
mentioned ; these stretch out and form on their extremity a large rounded spore, 
which may be thrown out to a distance of 3 cent. The dead fly soon thereafter be¬ 
comes inclosed with a white dust. Healthy flies have hitherto failed to become in¬ 
fected by the spores. 
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De Bary has discovered four different forms of fungus during investigations of 
caterpillar epidemics: botrytis basmana , cordyceps militaris , isaria furinosa and 
strigosa. He observed the germination of spores on the skin of animals, saw the 
penetration inward of the germ-pouches, their further development in the interior, 
and the formation of new fructifying fungus. He demonstrated that only few spores 
need come upon the surface of caterpillars and penetrate into the interior of the 
animals, in order to increase moderately and cause death. Botrytis bassiana is the 
cause of muscardine in the silk-worm ; cordyceps militaris is found on the pupas of 
the butterfly ; isaria furinosa occurs on caterpillars which devastate the North - 
German pine-forests ; isaria strigosa on the bodies of insects. 

Consult Frey and Lebeut, Abh. d. naturh. Ges. zu Zurich. Lebekt, Yirch. 
Arch., XII., p. 144. De Bary, Bot. Ztg. 1807, p. 1; lb. 1809, p. 585. Brefeld 
Abh. d. naturh. Ges. zu Hade, XII., p. 1. 

Gangrene of the spleen, which on account of its transmissibility to man, 
and on account of its relationship to malignant pustule, lias special interest 
for us, is produced by bacteridia, or filamentous bacteria, which by their 
rapid development in the blood not rarely act like ferments in a fatal 
manner. Upon inoculation the disease reaches even to the smallest blood- 
drops. 

Gangrene of the spleen of animals is usually endemic or epidemic. It 
occurs primarily only in the herbivora (swine, beef, sheep, etc.), but is transmitted 
from these to the carnivora and man. It is found especially in malarial regions, 
under the conditions of moisture and high temperature of the external air. 

Gangrene of the spleen occurs most frequently with carbuncle : i. e. a circumscribed 
inflammation of the external skin, sometimes also of the superficial mucous mem¬ 
branes with fibrino-purulent haemorrhagic exudation, and mostly with its termination 
in gangrene. Much more rarely it is found in form of a more diffuse and further ex¬ 
tended inflammation. In both cases there quickly appears severe general suffering, 
attended by a mostly fatal termination. Autopsy shows the blood dark, tenacious, 
reddening with difficulty, slowly coagulating, with extensive imbibition ; the spleen 
is for the most part very large and soft; under the skin, between the muscles, and 
about the vessels are jelly-like yellow or reddish-yellow fibrino-purulent exudations. 
Putrefaction is rapid. More rarely than these localizations of gangrene of the spleen 
are found geueral affections : either so-called apoplectic or fulminating gangrene of 
the spleen, in which animals after great agitation fall down and usually are quickly 
destroyed ; or the febrile gangrene of the spleen, when, under high fever with initial 
chill, great weakness, stupefaction, etc., 'death appears. 

Gangrene of the spleen in man never arises spontaneously, but always 
by contagion with individuals, or parts affected by this disease. The contagiousness 
is iu proportion to the severity and acuteness of the disease of the animal. If the 
spleen and blood are most infectious, less so probably are the hide, hair, etc., and 
still less so the products of these (leather, glue, wool). Yet these parts retain even in 
the dried state for mouths their ability to infect. -All men are susceptible to the 
poison. Infection affects especially farmers, shepherds, tanners. In the summer 
months it occurs most frequently. 

Gangrene of the spleen occurs in man generally in the same forms as in animals. 
The primary carbuncle is most frequent on the skin, especially in those parts of the 
body which are not at all, or only at times covered (face, neck, fore-arms and hands); 
their origin is due to demonstrable inoculation. Much rarer is the diffuse or ery¬ 
sipelatous form. Both forms show sometimes only the appearances of local trouble, 
sometimes are accompanied by fever, and lighter, or more severe and fatal general 
symptoms. 

Tiie constitutional disease, gangrene of the spleen, is much less 
accurately known. It is found sometimes simultaneously with (the primary) car¬ 
buncle, sometimes this appears only during the course of the disease (secondary car¬ 
buncle), sometimes, finally, it is absent. The disease runs its course sometimes in 
one or in a few days, most frequently in a week, rarely longer. It is characterized by 
severe febrile general symptoms (exhaustion, pain in muscles, and headache, gastric 
disturbances, often colics), which are followed by general weakness, distressing apnoea, 
etc., and with symptoms similar to those of asphyxial cholera, by death. Similar ap¬ 
pearances are observed at the autopsy, as in animals. 

In all these cases, in man and animals, schizornycetes appear to be the carriers of 
the disease. These bodies disappear with the complete putrefaction of the blood, 
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which distinguishes them from the corresponding infusoria. Therewith also ceases 
their power to infect. They enter the body probably with the drink. They are ob¬ 
served in the blood, first in from one to five hours after the first symptoms of gan¬ 
grene of the spleen, increase then from hour to hour very considerably in quantity 
and accumulate in the capillaries. The blood shows the farther peculiarity, that the 
red corpuscles are glued together and swim in the serum like scattered islands. 

Davaine ( Cornpt. rend. de. Vacad. d. sc., 1868, LVII., p. 220) first discovered the 
corpuscles of gangrene of the spleen, but considered them of no importance. Pol¬ 
len DER (Gasp. Vtljschr . 1855) found them in the blood of dead animals, Braukll 
( Vivcli. Arch., 1857, XI., p. 182, 1858, XIV., p. 432) a short time before death; the 
latter, however, neither regards them as bearers of the contagion, nor ascribes to 
them an etiological, but onty a prognostic signification. Delafond (Die Blutkrank- 
heit der Schafe u. s. w., Uebers, 1844. lice, de la. med. vetdr., 1860, VIII., July, 
Sept.) regards them as organisms similar to algae, and as the contagium of gangrene 
of the spleen : after the death of the animal the rod-like bodies grow, but vibrios 
appear first with the putrefaction of the blood in this disease, whilst the rods disap¬ 
pear. Davaine (Mem. de. la. Soc. de. Biol.. 1865, V., p. 198, etc.) then made farther 
investigations, and demonstrated the connection of the corpuscles with gangrene of 
the spleen by inoculation. Consult also the general treatise of Virchow (Hdh. d. 
spec. Path., 1855, II., 1, Abth., p. 887) and Koranyi (Pitua-Billr. , Ildb. d. Chir. 
1870, I., 2., Abth., p. 149). 

Bollinger (Med. Gtrlhl., 1872., No. 27) has lately made clinical investigations in 
the ox and horse, as well as experiments by inoculation. He found the corpuscles 
mentioned in the blood of animals affected with gangrene of the spleen, almost con¬ 
stant during life and after death. True gangrene of the spleen may be produced by 
inoculation with the blood of anthrax without these little rods, and yet the blood of 
inoculated animals contains these forms,because in the former (blood of anthrax) are 
found the germs of bacteria. And, vice versa, anthrax may be produced by inoculation 
with the blood of this disease containing bacteria, without the blood of the inoculated 
animal showing rod-shaped bacteria: it contains germs of bacteria, which may be 
developed post mortem into little rod-shaped bodies. The chemical action of bacteria 
of gangrene of the spleen in the living body depends, according to B., essentially upon 
the fact that they, on account of their enormous chemical affinity for oxygen, absorb 
it with great greed and in great quanity, whilst they withdraw it from the blood- 
corpuscles. Thus with the enormous number of bacteria, there is sometimes want of 
oxygen and an excess of carbonic acid: dyspnoea, clonic convulsions, dilatation of the 
pupils, sinking of the temperature, and finally asphyxia. Thus in the cadaver are 
found all the changes which result from poisoning by carbonic acid. The fulminant 
(apoplectiform) forms of anthrax are on that account to be ranged in line with cases 
of death from poisoning by prussic acid. 

Davaine found bacteridia also in two examples of malignant pustule in men, who 
had died on the third day of the disease. Here they were found in the centre of the 
pustules between the epithelial cells in very large groups, in the middle of which 
they were crowded ; in the periphery they lay in separate groups, between which 
were found the epithelial cells. From here they penetrated into the blood and lj'inph- 
vessels of the skin. Others afterward looked for them in vain in similar cases. 


Many remarkable fatal cases, which have been observed in late years, are 
with the greatest probability related to gangrene of the spleen, and are cer¬ 
tainly dependent upon bacteria : the so-called Mycosis ixtestinalis. Its 
essential condition consists in the occurrence of great numbers of vibrios 
and bacteria in the blood ; in a resulting, mostly circumscribed lnemor- 
rhagico-purulent inflammation of the mucous, or, at the same time, of the 
sub-mucous coats of the stomach or intestines, or of both, with very abundaut 
schizomycetes, and in consecutive affections of the lymphatic vessels and 
glands belonging to these organs; in various affections, inflammatory or 
1 uemorrhagic, of different organs, dependent upon the same fungi. The dis¬ 
ease always ran a very acute course. The symptoms were not very charac¬ 
teristic : they belonged for the most part to the stomach and intestines; 
usually high fever and severe brain-symptoms. The termination was always 
fatal. 
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The first, yet not clear cases of this intestinal mycosis were recorded by Waiil- 
Virchow (Arch. 1861, XXI., p. 579), and v. Recklinghausen ( Ih. 1864, XXX., p. 
866). Then follows the important observations of Buhl ( Ztschr. f. Biol., 1871, VI., 
p. 129). These were complemented by the cases by Waldeykii ( Virch. Arch., 1871, 
LII., p. 541) and by the author. (Ein Full von lodtlicher Pilzkrankheit, Mycosis intes- 
tinalis. Festschrift} 1872.) Consult also Neyding ( Vtljschr. f. ger. Med., 1869, X. 
p. 241) and Munch ( Med. Ctrlbl., 1871, Xo. 51). 

In the same way as in the affections above mentioned, the mode of origin 
of other diseases is not yet proven. Many acute infectious diseases espe¬ 
cially, which are certainly or probably contagious, have had their origin 
traced back to bacteria. The grounds adduced for this are partly theo¬ 
retical, partly that the fungi have been actually found in the diseases in 
question. Among the theoretical grounds the most weighty are: the simi¬ 
larity of many of these diseases to those above described of plants and 
animals, especially gangrene of the spleen and mycosis intestinalis ’ the 
course of many epidemico-contagious diseases in individual cases, and with 
respect to epidemics as a whole (similarity with respect to the periodical 
coming, spread, and disappearance of many lower organisms) ; the infectious¬ 
ness of substances which have been evacuated by the sick, for the most 
part only after a certain time ; the lapse of a fixed time between the moment 
of infection and the beginning of the symptoms of disease (as if essential dis¬ 
turbances appeared only after an increase of the fungus-spores taken up in 
the infection). 

Among diseases in which fungi have been found during life (in many 
exudations of the throat, etc., in intestinal evacuations, etc.) or in the 
dead body, or where there has been a successful inoculation, belong diph¬ 
theria, pyaemia of puerperal fever, small-pox. In many of these dis¬ 
eases infection takes place through wounds, etc. (see Pyaemia), in others 
probably through the inspired air, or by food and drinks, especially drink¬ 
ing-water. Bacteria appear free or inclosed within white blood-corpuscles 
in the blood, and therewith into various tissues. They finally disappear 
in an unknown manner or are excreted with the urine, unless death sooner 
occurs. .According to different observers, bacteria vary in different dis¬ 
eases (gangrene of the spleen, diphtheria, pyaemia) : they belong collect¬ 
ively to the immovable globular bacteria. Besides, bacteria are probably 
not individually injurious, but taken into the bloodvessels they cause a de¬ 
composition of the blood, and give rise to poisonous secondary products. 

Most numerous investigations concerning the parasitic nature of these diseases 
have been made in epidemic diphtheria of the throat: Tommasi-Hiteter, Buiil, 
Oertel, Trendelenburg, Nasiloff. Here are found micrococci and bacteria 
for the most part in endless quantity, not only in the epithelium of the throat, in the 
young exudation cells, etc., but also in the mucous membrane, sub-mucous tissue, in 
the lymphatic vessels and glands which belong to them, in the blood, and farther in 
the lungs, kidneys, in the urine, in the spleen, etc. Diphtheria has been conveyed 
to rabbits by introducing diphtheritic masses into the opened trachea (Trendelen¬ 
burg, Oertel). After inoculations of diphtheritic membranes under the skin and 
into the muscles of rabbits, there arises an altogether specific process, which is dis¬ 
tinguished from that arising after similar inoculations of pysemic pus. gangrenous 
tissue, putrefying substances, etc. ; the organs and the blood in the former contain 
milliards of micrococci, etc. ; in the latter none (Oerthl). Substances from animals 
subjected to the former inoculations introduced into the air-passages of other rabbits, 
again cause diphtheria of these passages (Oertel). Micrococci reach the interior of 
cells either by perforating the cell-membrane, or the hyaline plasma-cells surround 
the cocci and inclose them within themselves. They then take up the nitrogenous 
nutritive substance into themselves, so that a cell is consumed in twenty-four hours 
as far as the cell-membrane; they separate and quickly increase (vide infra , diph¬ 
theritic exudation). 
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Huetek (Med. Centralbl. , 1868, Nos. 12, 84, 35 ; T). Ztschr. f . C/dr., 1872, I., p. 
91, etc.) has demonstrated, as if experimentally, in the sick, that monads ( aerobue) 
developing in great number in putrefying blood, penetrate very largely into living 
tissues and into the circulating blood, even hence they may appear in the secretions 
of the body, and by their extent give rise to inflammatory processes of special kinds, 
especially diphtheria, erysipelas of wounds, so-called diphtheritic phlegmon. Besides, 
monads exciting putrefaction may penetrate through the vessel-walls into venous 
thrombi and thus give rise to putrefaction, emboli, and to metastatic inflammations. 

According to Klebs (Beitr. zur pathol. Aunt. d. JSehvssw ., 1872, etc.) the deleterious 
character of pus, as well as the general infection (pyannia) appearing during sup¬ 
puration, is dependent upon the presence of schizomycetes (Kr.EBS’ microsporon 
septicum). These grow on the surface of wounds, penetrate into the tissues, induce 
decay, and reach the blood by perforation of the vessel-walls. They are the causes 
of secondary inflammations and suppurations. Kl. confirms these statements also 
by experiment. He injected animals with fluids containing fungi, which often 
caused very widely-extended suppurations, and until death continual fever. The 
same fluids filtered through a clay cylinder did not induce suppuration, but high 
fever, which in one to three days passed away. (See, in opposition, Wolff, infra.) 

According to Klebs ( Tagebl. d. Nat. Vers., 1872, p. 212) the development*of the 
micrococcus does not take place in the blood of normal animals under conditions 
in which the blood of animals infected with micrococcus shows a great development of 
these. The distribution of micrococci in sepsis, variola, and rinderpest offers dif¬ 
ferences so characteristic, that a specific difference between them must be assumed. 
(Klebs). 

Rindfleisch (Lelirb. der path. Gewebel., 1871, p 204) had .already shown that the 
small abcesses of the heart in pyannia, puerperal fever, etc., consist only of vibrios. 

The subcutaneous injections of Klees, according to which only the fungus masses 
cause local suppurations and until death continued fever, the filtrate, on the other 
hand, only transient fever and never local suppuration, afforded in the hands of 
Wolff (. Berl. Ctrlbl., 1873. Nos. 8, 9) other results: he found in rabbits only a 
gtadual difference between the action of the filtrate and that of the fungus-holding 
sediment. 

According to Ebehtii’s (Med. Centralbl., 1873. No. 8 ) numerous experiments, the 
skin of the rabbit becomes diphtheritic by inoculation of the diphtheritic layer from 
the throat, of the endocardial deposits in primary malignant endocarditis, of the 
diphtheritic layer from the mouth, of the pus of inflamed veins, of those of pyannia, 
of purulo-croupous exudation in puerperal peritonitis, and of the blood in sepsis and 
diphtheria of dead lying-in women. According to E. pyaemia is mostly a diphtheria. 
Many forms of septico-pyannia are compound mycoses of the bacteria of diphthe¬ 
ria and putrefaction. Farther experiments established a quantitative difference in 
the effect of bacteria of diphtheria, and those of putrefaction (on rotten flesh, in 
putrid urine and blood) ; they make probable the difference of these organisms. 

Consult also the earlier observations of Virchow (Ges. Abh. 1856, p. 709) and 
Beckmann ( Virch. Arch. XI., p. 64), the manifold researches of Coze and Feltz 
(Reck. din. el exper. sur les mad. infectieuses, 1872). 

Orth (Arch, der Heilk., 1872, XIII., p. 2(55) describes a case of septic mycosis in a 
new-born infant whose mother had puerperal fever. 

Waldeyer (Arch. f. Gyndk., 1872, III., p. 293) found abundant bacteria in the 
diphtheritic deposits on the inner surface of the puerperal uterus, in the puriform 
masses of the lymphatics of the uterus and its connections, in the peritoneal, once 
also in the pleural and pericardial exudations. 

Hirsciifeld (Arch. d. Heilk., 1872, XIII., p. 489), in numerous cases of fatal 
puerperal fever, found micrococci free, or in colonies on the puerperal ulcers, in the 
surrounding epithelium, in the submucous tissue, in the lymphatics, in the pelvic 
cellular tissue, in the exudation of serous cavities, in the pelvic lymph-glands, in the 
spleen, etc. According to his experiments the white blood-corpuscles take up the 
micrococci in great numbers upon the introduction into the blood of moderate quanti¬ 
ties of liquid containing micrococci. The spleen retains a part of them in its pulp- 
cells, and when they are abundant there appears a distinct swelling of the organ. 
Thus is explained according to II. the constant occurrence of acute tumor of the 
spleen in the diseases in question. 

Recklinghausen (Vortrag in d. Wdrzb. phys. — med. Gcz. v. 10 Juni 1871) 
found in a whole series of infectious diseases, above all pyannia and puerperal fever, 
besides typhoid fever, acute rheumatism of the joints, infiltration of urine and pul¬ 
monary gaugrene, as causes of the multiple metastatic foci, with absence of a simulta¬ 
neous endocarditis, miliary accumulations of small organisms, which he regarded as 
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micrococci. It. found deposits of fungus in the kidneys especially frequent, some¬ 
times still quite fresh without any reactive appearance, more often surrounded by a 
haemorrhagic zone or purulent infiltrated tissue. They are found not only in the 
bloodvessels, especially the smallest veins, but also within Bowman’s capsules and 
urinary tubuli, where they floated away with the urine, as was shown in the con¬ 
tents of the bladder either during life or after death. The filling up of those dif¬ 
ferent channels is often so great, that knot-like swellings arise, which go on to per¬ 
foration and escape of the fungus masses. 

A fungus-form altogether different from the micrococcus, which consisted of 
knotty rods of green color, was discovered by It. in a case of scarlet fever, as ele¬ 
ments of similar small foci in the renal pyramids. The urine of the sick person, 
who died on the sixth day, contained casts covered by the same elements. It. re¬ 
gards these metastases of fungus not as emboli in the sense adopted by Virchow. 
The contrary is shown by the frequent extravascular position of the misplaced mate¬ 
rial (It. found micrococci also within the pulmonary alveoli), and by the absence of 
endocarditis. 

Weigert {Med. Centralbl. , 1871. No. 3D) found in the pocks of the dead body, 
which were most developed on the sixth day after the appearance of the first sign of 
the exanthem which further, at least in part, had an hannorrhagic character, bacteria 
of the smallest form. They lay in pouches, which perhaps corresponded to the lym¬ 
phatics ; especially in the vicinity of the pocks. The same was seen in the small 
cutaneous haemorrhages, which are found in decided haemorrhagic cases without 
or with indistinct pock-formation. 

According to Krebs {Arch, fur exper. Pathol. I., p. 31), giant-cells occur in the 
epidermis in variola, which cells are developed from the micrococci in the cells of the 
animal exciting the disease. They contain sometimes many, sometimes no nuclei. 

F. Cohn ( VircJi. Arch. 1872, LV., p. 239), likewise Kebkk and others, have demon¬ 
strated in the liquid of the vaccine and variola pustule living unicellular organisms of 
the group of the so-called globular bacteria ( microsphcera , family of the Schizomy- 
cetes); they are constantly present, and in the greatest number, and increase with 
extraordinary quickness. 

Popoff ( Wien. med. Jahrb. 1872, p. 414) found the micrococcus once in putrid 
bronchitis, where the large and small bronchi, and especially the alveoli, were almost 
entirely filled by it; likewise once in diphtheria of the larynx ; once in variola hann- 
orrhagica in the capillaries and pulmonary alveoli; twice in pulmonary gangrene. 

Wardeyer (Schles. Oes. f. vaterland. Cult. 4, Aug. 1871) saw colonies of bacteria 
in the liver, stomach, pancreas, supra-renal capsules, where they appeared as 
black spots of the size of a grain of sand, in a case of acute diffuse hepatitis. Also 
many hundreds of miliary foci of bacteria in the flesh of the heart in pyaemia. Bac¬ 
teria were the sole cause in four cases of miliary abscess-like foci of the kidneys. 
W. saw also many cases of haemorrhagic nephro-pyelitis in various acute infectious 
diseases, where in the mucous membrane of the renal pelvis, as well as in the blood¬ 
vessels interstitially, colonies of bacteria were found. 

Harrier and others found in the diseases in question, numberless micrococci in 
the blood, which by cultivation have germinated and passed into known fungi (mea¬ 
sles : rnucor mucedo ; typhoid fever : rluzopus nigricans ; variola : eurotium herbarum, 
etc.). Letzericii affirms the same of whooping-cough. Krebs ( Verb. d. W'brgb. Qes., 
Jan., 1873) describes a micrococcus in measles. 

Ortii (Tagebl. d. Nativrf.-Vers ., 1872, p. 214) investigated traumatic erysipelas 
pathologico-anatpmically and experimentally. He found in the fluid of this affection, 
besides various numerous red and white blood-corpuscles, enormous masses of bac¬ 
teria. These were for the most part oval, in part also rod-shaped. They were 
absent in internal organs. According to Ortii (Arch. f. exp. Path., 1873, I., p. 81) 
epidemic erysipelas owes its origin to a poison contained in the blood, as well as especi¬ 
ally in the affected parts of the skin. It may be communicated to other individuals by 
inoculation with these fluids. Bacteria go hand in hand with the development of ery¬ 
sipelas. The characteristic symptoms of disease may be produced also by bacteria, 
which have been artificially cultivated. Bacteria are, however, only the indirect 
causes of disease, since they are not found in great quantity in the blood of those 
infected, and since their destruction lessens the activity of the infectious fluids, but 
does not wholly destroy it. They belong probably to the globular bacteria. 

Greverer and Huter (Med. Ctiibl., 1872, No. 49) investigated the general dis¬ 
turbances of the circulation after infection of frog by fluids containing monads. 
The white blood-corpuscles adhered in great number to the inner wall of the blood¬ 
vessels ; but only a few wandered out. A remarkably great number of capillaries 
were excluded from the circulation; this is frequently caused by one or two white 
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blood-globules becoming adherent at the point of exit of the capillaries. Slow and 
incomplete circulation was found in other capillaries. 

Obermeier ( Med. Centralbl. , 18-73, No. 10) found in remittent fever during the 
hot stage (not in the remission, and shortly before and during the Ci'isis) very tine 
filamentous forms, which possessed a very rapid movement: the movement consisted 
partly of undulations in the filament itself, partly in curvings, cork-screw-like, etc. 

Cholera also belongs among those diseases in which genesis of fungus is always 
brought forward anew. After the older English data (Twayne and Buittan, Wil¬ 
liams and others) had been shown in part to depend upon gross microscopical illu¬ 
sions, the more recent ones of Klob, Thome and Halliek met with a similar fate. 
In diarrhoeas of every kind, also after laxatives (sulphate of magnesia : Kyber), in 
dysentery (Bascii) the lower vegetable organisms are greatly increased. VIRCHOW 
(Arch. XLVII. p. 524) found the same in a case of very acute arsenic-poisoning. As 
little demonstrated are the fungi of intermittent fever (Salisbury, and others). 
How easily, even the most expert histologists fall into gross errors, is shown by the 
strife just ended over the corpuscle of syphilis (Strickeu, Lostokfer.) 

In the foregoing are the most important affections, which according to 
many are certainly caused by fungi, according to others only possibly, and 
which also have been the source of some doubtless erroneous views. Therein 
also has inoculation often been made mention of as proof with respect to 
pathogenesis. That in this the greatest precaution with respect to the kind 
of material to be inoculated, the performance of the inoculation itself, finally 
the critical examination of the result is necessary, is at once understood. 
But, especially with respect to the first and most important point, there have 
been the most frequent mistakes ; a preliminary clear representation of the 
elements of the question is yet wholly impossible. The so-called cultivations 
are wanting in most directions in certainty. Even the best botanists after 
investigating for years those fungi which are of the greatest importance for 
human pathology, determine only the so-called “physiological” and patho¬ 
logical species. Finally, it is conspicuous, that until now no two observers 
have, concerning the same disease, reached the same results: the specific 
fungus of one is disavowed by another, etc. But, in spite of all that, much 
is yet to be expected from the farther cultivation of this field, with respect 
to the {etiology, etc., of many diseases. 

Groiie ( Greifsw. med. Silzungsber, I860) saw death appear 30-3G hours after injec¬ 
tion of 2-3 C cent, of spore-fluid into the jugular of rabbits. At the autopsy fresh miliary 
tubercles or nodular abscesses, which consisted of fungi, were found in the lungs, 
heart, liver, kidneys, mucous membrane of the digestive tract, and muscles of the 
body. By injection of the same substance into the carotid, numerous fungus-foci 
were found in the substance of the brain, vitreous, &c. The fungi develop within 
the blood-channels, their ramification at first follows the course of the blood-vessels ; 
farther on they penetrate through the vessel-walls and develop further in the paren¬ 
chyma of the organs. G. calls the process mycosis generalis acutissima, s. foudroyante. 
By injection of the spore-fluid into the abdominal cavity there were developed first 
on the peritoneum and its folds, common and mycotic tubercle : afterwards also in 
the liver, kidneys, less in the lungs and muscles.—Consult also Block., Beitr. z. 
Kenntniss. d. Pilzbildung in den Geweben des thier. Organ., Stettin, 1870. 

Semmer ( Vircli. Arch., L., p. 158), in two series of experiments, injected into the 
blood smaller or larger masses of spores and yeast of penicillium glaucum , without 
important consequences. The same thing was shown, when in addition micrococcus 
or arthrococcus yeast was injected But, in a case in which gangrene of the spleen 
again appeared from infection by fungus spores and micrococcus which had been 
cultivated from the blood of the same disease, the outbreak occurred on the ninth 
day after injection, and the full development on the tenth day caused death. 

[Consult also: Davaine, Acad, de Med. de Paris, seance du 28 Janvier, 1873. 
Debate on the Germ Theory of Disease in the Pathological Soc. of London, in Lancet , 
April and May, 1875— Ed. J 

Numerous other researches are not given here, partly because of deficient 
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botanical knowledge, partly because of the frivolous comparison of fungus 
diseases with certain affections of man. 


B. ANIMAL PARASITES : ZOOPARASITES. 

Animal parasites inhabit either the outer coverings only (ectoparasites, 
epizoa), or only internal organs (entoparasites, entozoa); but this distinc¬ 
tion is not strict. 

The most frequent locations of animal parasites are the skin and intes¬ 
tines, nevertheless almost every organ harbors parasites. Many parasites 
live only in certain organs (e. g., the encysted Trichina, the Strongylus 
gigas) ; others are found in different organs (e. </., Cysticercus and Echino¬ 
coccus). Many parasites are found only in man («?. g., Pediculus capitis, 
Bothriocephalus latus); others are found in man and animals (e. < 7 ., Trichi¬ 
na, Distoma hepaticum) ; but very seldom in several classes of animals 
(e. g., Trichina). 

The natural history of many pai'asites is almost entirely unknown, while 
we possess the fullest knowledge of the origin and development of 
others. 

In general, the characteristic periods of the life of the entozoa are three, 
for the most part stages of development formally different from one 
another: the embryo, the intermediate state, and the mature animal. 
The embryo destined to produce the parasitic state remains mostly 
passive ; the intermediate state takes up the process of development and 
carries it on so far that immediately after passing into the third stage ma¬ 
turity appears. The life of parasites is distributed, dependent upon two, 
and even more bearers, of which one harbors the young, the other the ma¬ 
ture animal. These bearers are sometimes only individually different from 
one another, as in the case of trichina; more often they belong not only to 
different species and genera, but even to different orders or classes. The 
early states of individual entozoa are found especially in those animals 
which serve as food to the bearers of the perfected parasite (e . g., the per¬ 
fected Tamia crassicollis lives in the intestines of the cat; the young form, 
the Cysticercus fasciolaris, in the liver of mice. Taenia solium exists in 
its youth in swine, &c. 

The fate of entozoa depends more upon chance than that of any other animals : 
the ovum must find its proper bearer, and the latter must, later and at the right 
time, be eaten by another and proper animal. Indeed, the more complex the life of 
a parasite is, so much smaller is the probability of its prosperity. In the case of the 
tape-worm, out of eighty-five millions of eggs only one is developed again into a 
tape-worm. Only the enormous fertility of parasites counterbalances this loss. 

The immigration of external parasites upon and into the human organ¬ 
ism is mostly an active one, that of internal parasites mostly a passive one. 
The most frequent and constant source of the latter is the accidental in¬ 
troduction of ova and the young. 

Special attention is due to self-infection, e. g., in Taenia solium (never the case with 
Taenia mediocanellata), the worms may directly change their abode from the intes¬ 
tine into the stomach, or by entrance into the latter through the mouth. 

The disposition to helminthiasis is a general one ; age, sex, and nation¬ 
ality make a difference only because of incidental circumstances. The 
frequency of worms is limited above all by the opportunity of importation, 
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in which custom, habits, employment, and manner of living exert an im¬ 
portant influence. 

Jews and Mohammedans are seldom affected with tape-worm, because they do not 
eat pork. Butchers, cooks, and domestics have more frequent opportunity for in¬ 
fection with taenia and trichina. Children and the insane have thread-worms and 
round-worms more frequently than adults. Uncleanliuess influences a change of 
place less than the fixation of the skin-parasites. 

Thus is explained the dependence of certain forms of helminthiasis upon 
circumstances of time and place. 

The thread-worm comes under the physician’s care most often in autumn ; the 
tape-worm oftener in summer; the filarin medinensis most often during the rainy 
season. Intestinal worms are most frequent in people living in a natural state in 
tropical and other countries. Every native Abyssinian, from six or seven years of 
age has a taenia. Most East-Indian negroes and most Hindoos have thread-worms. 
In North Germany, which is noted for its swine breeding, tape-worm is oftener found 
than in the South. Those Icelanders who live closely with their dogs often have the 
echinococcus. 

The geographical distribution of animal parasites depends principally upon that 
of the intermediate carriers, from which man receives these parasites. 

Animal parasites affect the human organism injuriously in a threefold 
manner. 

They take material for nourishment from the organism— of itself 
seldom of very considerable moment. Skin-parasites and tape-worms seldom 
act in this way, the thread-worms only by their great numbers; then 
arise signs of anaemia and nervous symptoms. But the anchylostomum 
duodenede causes through the blood which it wants for its nourishment, 
still more, however, through the haemorrhage following its bites, the so- 
called Egyptian chlorosis, etc. 

Far more important are the mechanical injuries due to parasites. 
Larger parasites, as well as numerous small ones, lying in heaps, cause 
pressure and, finally, atrophy of the neighboring tissues; thus cysticerci in 
several localities, e. g., the brain and the eye, echinococcus in the liver, 
etc. ; trichina in the muscles. In consequence of pressure, or, at the same 
time, of atrophy, sometimes no disturbances of function arise (e. g., in the 
not too numerous cysticerci and trichinae of the muscles), sometimes those 
arise which, with regard to the position of the affected part respecting the 
whole organism, are of various importance ; by means of cysticerci in the 
brain, sometimes convulsions, sometimes palsies, sometimes mental dis¬ 
turbances arise; through those in the eye-ball, blindness; through echino¬ 
coccus of the liver, suppression of the specific function of the organ; 
through large numbers of trichinae in the muscles, inability to move, etc. 
Farther on, there may arise secondary disturbances of the circulation, 
inflammations (e. g., of the serous membranes), pus-formations in the 
neighboring tissues, ruptures, sometimes with the contents passing into the 
intestines, or outward, particularly through the abdominal walls, etc., 
especially with the echinococcus. The parasites in the canals contract their 
calibre; acute stenosis of the intestinal canal may arise in consequence of 
numerous coiled thread-worms; ictenis, in consequence of the thread¬ 
worm in the larger gall-ducts. They give rise to catarrh and haemorrhage, 
perhaps even to ulceration of the affected mucous membrane (taenia, thread¬ 
worms, etc.) ; thereupon arise disorders of digestion, with maladies both 
local and general. 
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Finally, the parasites act injuriously by their motion and migration, 
and thus cause sometimes pains of various kinds, such as pains in the muscles, 
itching of the skin, colics, the latter particularly in the fasting state, which 
directly or by reflex action, may give rise to farther trouble (itch-mite, 
tape-worms, oxyuris) ; sometimes perforation and rupture of the inhabited 
organs (echinococcus, perhaps also thread-worms). 

All these conditions are only partly known with respect to man, but are 
well established through experiments on animals. They are best known 
concerning the itch-mite and trichina. 

The symptoms of parasites are in only a few cases (itch-mite, trichina) 
so characteristic, that it is safe to make a diagnosis from them. In most 
cases the demonstration must be objective. In these it is furnished either 
by the examination of the excreta, especially of the stools, sometimes of 
animals which have come away entire (thread and round worms, trichina), 
sometimes of articulations (tape-worms) or ova (thread and round worms, 
bothriocephalus latus), or by the examination of the skin (itch-mite), with 
the assisted eye if necessary, of the eye (cysticercus), or by examination 
after previous operations for obtaining the parasite (trichina, cysticercus), 
or less certainly by palpitation and percussion (echinococcus). 

(In the following special consideration of parasities, use has been made of Claus, 
Grdz. cl. Zool., 18(16, and Leuckart’s work on Parasites). 

I. Protozoa. 

Creatures of small size and simple construction, without separate cellular 
organs and tissues, on the limits of animal life, with preponderating asexual 
propagation. 

In the most simple instance, the whole body is a little mass of formless 
albuminoid substance, so-called sarcode, whose contractility is limited by 
no outer firm membrane, which sometimes sends out easily fused projections, 
which when formed, are drawn in again ; sometimes, with more glutinous 
consistency of the parts, it sends out a number of hair-like radiations and 
filaments —Amceba. Nourishment takes place by the gradual enfolding or 
pressing in of foreign bodies at any point of the periphery. 

1. Class : Rhizopoda. 

Protozoa -without enveloping membrane, whose parenchyma sends forth 
processes (pseudopodia) and draws them in; generally possessing a secreti- 
tious calcareous covering or siliceous framework. 


Fokaminiff.ra. 

Rhizopoda which are partly naked, partly provided with shells which consist almost 
entirely of chalk, and for the most part are pierced at the egress of the pseudopodia 
by fine pores. 

A number of organisms belonging to this class are, according to others, of vege¬ 
table nature— e. g. amceba clifflucns, amelia , difflugia, etc. 

2. Class : Infusoria. 

Protozoa of determined form with an exterior ( cuticula) covered with 
cilia, with a mouth and pulsating vacuola (i. e., clear, mostly round cavities, 
filled with liquid, which contract and then disappear, but gradually be¬ 
come visible again, and enlarge to their oiiginal size, and which are mostly 
connected with vessel-like lacunse); with male and female sexual organs, 
but, mostly asexual, propagating by gemmation and fission. 
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Family : Heterotriciia. The body, over its whole surface, is thickly covered 
with cilia, which are often arranged in longitudinal rows. Besides about the mouth, 
is a surrounding zone of stronger cilia (Stein). 

Balantidium. On the left side of the longitudinal axis of the oval body is a 
buccal aperture provided with longer cilia. 

Balantidium coli, (malmsten.) Very common parasite of the rectum of hogs, 
a few times found in the large intestine of man. 

As psorospermi.e are distinguished four different forms of animal 
parasites, which in the body of their host may, by their enormous accumu¬ 
lations, induce morbid conditions: 1. psorospermue of fishes; 2. the so- 
called pseudonavicella of worms, etc. (both are pronounced to be the gran¬ 
ular germs of gregarinae ; to us they are of no interest) ; 3. the so-called 
oval or globular psorospermiye ; 4. the so-called Miescherian pouches. 


The globular psorospermue were first found by J. Muller {Arch., 1841, p. 477, 
etc.), then by Hake (A treat, on varic ., capitt. , etc. , 1839) and Nasse (Mail. Arch., 
1843, p. 209) in the liver of rabbits, by Remak (Diagnost., etc., Unters ., 1845), in the 
intestines of rabbits. LieberkOiin (Mem. de. VAcad. Royale. de. Belg., 1854), and 
Stieda ( Virch. Arch., 1805, XXXII., p. 132) first conjectured their relation to gre- 
gariiue. Consult also Klebs (/£>., 1859, XVI., p. 188). Waldenburg (lb.. XL., p. 
435) still more positively fixed their character as that of psorospermue. See also Vir¬ 
chow (Arch. XLIII., p. 548, etc.). Wholly different views are held by Roloff, H. 
Jones, Lang (lb., XLIV., p. 202). According to Roloff (Med. Gentralbl , 1808, No. 
21, and Virch. Arch., XLIII , p. 512) these and the larger analogous forms within and 
near the muscles of the mouth in sheep are not psorosperm pouches, but accumula¬ 
tions of lymph-corpuscles. These lymph-corpuscles wander out from the perimy¬ 
sium internum into the muscular fibres and, when they have aggregated into masses, 
they become surrounded by an enveloping membrane. 

According to Eimer (Ueb. d. Psorospermien v.s.w., 1870) psorospermiae are not 
granular germs of gregarinae, but gregarinae at rest, from which by folding the pro¬ 
per psorospermia arise. The sickle-shaped animalcule, the gregarina, becomes 
within or without the mother-vesicle, an amoeboid cell. The latter grows, free or 
within an epithelial cell, and finally become a so-called naked psorosperm, i. e. , a 
round or oval granular body with or without nucleus. It becomes encapsuled ; with¬ 
in the transparent capsule, there appears yet a second sheath. The capsular content 
contracts into a small globule, which divides into small furrowed globules. From 
these arise the young gregarinae. The capsules burst, and the gregarinae become 
free. Gregarinae or amoebae arising therefrom frequently enter the epithelial cells 
of the intestines, there to develop, and thence to pass into other parts of the body, 
especially the liver. See also Rivolta (11. medico veterin., March, 1869). 

In man psorospermiae have been found in the intestines by Kjellberg ( Virchow 
Arch., XVIII., p. 527) and Eimer, in the liver by Gubler (Gaz. med., 1858, p. 057), 
Dressler (Leuckart, Die menscJd. Paras. I., p. 740), in the kidneys and in the 
urine by Lindemann (Leuckart. lb., p. 741.) 

The so-called Miescheu’s pouches or Rainey’s corpuscles in the muscles of hogs, 
etc., consist of a dark granular mass, 1 mm. and more in size, of ov.al form, which, 
surrounded by a transparent capsule, appears imbedded within a primitive muscle- 
bundle, and gives rise to a slight oval protrusion. They sometimes look like trichina 
capsules, but never contain .a worm. 

Flagellat.e. Organisms without a mouth, similar to the infusoria, whose motor 
organs are formed of many lash-like cilia, rarely, at the same time, by a tempo¬ 
rary series of cilia. 

Fam. Monadina. With round or oval transparent bodies, devoid of distinct organ¬ 
ization, with a single or only a few glittering, whip-like hairs on the anterior ex¬ 
tremity. 

Ceroomonas. (Dujardin.) With a caudal filament, and, for the most part, with 
a single long and thin lash. 

Ceucomonas intestinalis, (Lambl.) Found by Dujardin and others in the 
stools of typhoid fever and cholera, by Lambl on the catarrhal mucous membrane 
of children. 

Cercomonas urinarius, (Hassal.) In the urine in cholera, in alkaline, albu¬ 
minous urine. 
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' Cercomonas saltans, (Eiirenberg. ) Observed by Wedl on the dirty surface 
of ulcers. 

Trichomonas, (Donn£.) Differs from Cercomonas in having some short cilia, one, 
two, or three near the anterior lash. 

Trichomonas vaginalis, (Donne.) Very common in blenorrhoea of the vagina, 
especially in the yellowish, strongly acid vaginal mucus. 

II. Vermes, worms. 

Laterally symmetrical animals, with non-articulated bodies, composed of 
curved, or homogeneous segments without articulate appendages (limbs). 
The embryo is generally formed by a transformation of the whole yolk, 
without previous primitive folds. 

The skin consists of a layer of cells and mostly of a superficial homoge¬ 
neous chitin layer, which constitutes one of the secretitious variously strong 
cuticula. The derma, through the attachment of the longitudinal, and often 
alsq of the transverse muscles, becomes a cutaneous muscular pouch, the most 
important organ of motion. Often there is an entire absence of append¬ 
ages. When they exist, they consist either of apparatus of prehension 
(suckers and siliceous hooks), or bristly tufts. Sometimes gills are found, 
without which respiration is carried on by means of the skin. Their abode 
is in water or in moist localities ; their motion is generally slow. Be¬ 
sides worms without intestinal canal, blood, and nervous systems, there are 
found others which possess these apparatus in highest perfection. The or¬ 
gan of excretion is the so-called water-vessel system, i. e., a symmetrically 
divided canal of finer or coarser caliber, filled with a watery, sometimes 
granular liquid, and terminating externally by a single or multiple orifice. 
For the most part the very important organs of generation, male and fe¬ 
male, are separate in different individuals; sometimes they are united in 
the same body. Their development is, as a rule, connected with a meta¬ 
morphosis. To worms belong the most numerous and most dangerous of 
human parasites. They live exclusively in the internal organs. 

1. Class : Platodes, Platyelmia, Flat Worms. 

Worms with bodies more or less flattened, whose appendages, when pres¬ 
ent, consist mostly of suckers and hooks. They are mostly hermaphro¬ 
dite. Nearly always, at least temporarily, parasitic. Many are without 
mouth, intestines, and anus, so that the nourishment is taken up through 
the surface of the body. 

First Order : Cestodes, Tape-worms. 

Long, articulated, flat worms without mouth and intestinal canal, with 
organs for prehension on the anterior extremity. 

The anterior part lessens in size and presents a button-like or globular 
swelling, the so-called tape-worm head, which, in different ways, bears vari¬ 
ous organs of prehension. The thinner portion of the body immediately 
behind the head, the so-called neck, shows generally at some distance from the 
head the first marks of an articulation. The first yet indistinct rings, far¬ 
ther on shorten and constitute the joints, then, in continuous succession 
these lengthen and broaden, and at a greater distance from the head be¬ 
come sharply defined and distinct from one another. At the posterior 
extremity the articulations reach their greatest circumference, often sepa¬ 
rate from the body of the worm, and live a long time independently as 
isolated so-called proglottides. The tape-worm is also looked upon as a 
8 
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chain of animals, consisting of the articulations, the proglottides, the 
individual, and the sexual animal. These develop by means of alternate 
generation by a process of budding, on the pear-shaped parent, the head 
(Scolex), and hang thereon together to form a long and ribband-like 
colony (commonly called tape-worm). The parenchyma of the body, en¬ 
closed by a tender skin and subcutaneous muscles, is a cellular connective 
tissue, which, in its periphery, especially on the head, incloses small 
chalky concretions, in all parts, the ramifications of water-vessel system, 
and in the central parts, the sexual organs. Organs of sense are wanting. 
Likewise is there no digestive canal: the nutritive liquid ready for absorb- 
tion enters by endosmosis directly into the parenchyma of the body through 
the whole outer surface. The water-vessel system, passing through the 
whole length of the body, serves as the apparatus for excretion. There are 
at most two or four longitudinal canals, laterally situated, which, in the 
head, communicate with one another by transverse loops; also in the single 
articulations transverse anastomoses exist, and they empty their contents 
through a pore in the end segment. Every segment of a tape-worm has 
its special male and female organs of generation. The male portion consists 
of numerous pear-shaped testicular papillae whose pedicles lead into a com¬ 
mon secretory duct. The winding end of this lies in a muscular sac ( cirrus- 
beutel), and may project out of it as a curl through the opening of the 
generative organs. The female genitals consist of an ovary, uterus, semi¬ 
nal vesicle and vagina, which last, for the most part, beneath the opening 
of the male organs, usually empties exteriorly in a common drain. With 
the great increase of the articulations and their distance from the head, 
the perfection of the sexual apparatus increases gradually from the anterior 
to the posterior extremity of the worm. The posterior segments ripe for 
separation are the first to perfect their whole sexual development. All 
tape-worms are oviparous; but the embryo is often developed in the egg 
within the uterus. 

Human tape-worms exhibit a complicated metamorphosis connected with 
alternate generation. Generally the ova with the proglottides leave the in¬ 
testines of the tape-worm beai’er (man), and ai’e present on manure, plants, 
in water, etc., and are thence passively conveyed with the food into the 
stomach of an animal, rarely of man. After the sac of the ova has 
been destroyed in the new abode by the operation of the juices of the 
stomach, the embryos become free in the stomach, and by means of their four 
or six movable booklets bore through into the vessels of the stomach and 
intestine. Here they are driven along by the blood-current and deposited 
in the capillaries of the most various organs (liver, muscles, brain, etc.). 
After the loss of the booklets, the embryos, mostly encapsulated in a cyst of 
connective tissue, grow into larger vesicles, which consist of an external 
contractile parenchyma and watery contents. The vesicle gradually be¬ 
comes the cyst-worm. From its covering one ( cysticercus ), or several 
( echinococcus ) nodular depressions grow into the interior, on the bottom of 
which is supported the armament of the tape-worm’s head, in form of 
suckers and wreaths of hooks. These depressed nodules turn outward, so 
that they appear as external appendages of the cyst, presenting the form 
and size of the tape-worm’s head with more or less developed neck. It is 
necessary for the cyst-worm to enter the intestinal canal of a new animal 
(e. g. of man), to allow the head, after its separation from the wall of the cyst- 
body, to assume the condition of a sexually-mature tape-worm. This trans¬ 
portation is passive throughout, effected by means of the food, especially by 
the use of measled meat. The cyst is digested in the stomach, and the head 
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of the tape-worm is set free as a scolex ; the latter enters the small intestines, 
fastens itself by means of its prehensile apparatus to the intestinal wall, 
and develops by gradual formation of segments into the body of a tape¬ 
worm. 

All tape-worms inhabit the small intestines, while the cyst-worms may 
dwell in the most various organs. 


FAM. : TA5NIAD.E. 

The pear-shaped or conoidal head bears four round suckers with powerful 
muscular apparatus. Between the suckers is commonly placed on the ad¬ 
vanced median portion of the head the rostellum, a single or manifold wreath 
of claw-shaped hooks, for whose special motion a muscular apparatus is pro¬ 
vided. Two sexual openings, one male and one female, which latter serves 
only for coition. The ova can become free only through the proglottides, 
since the uterus has no special opening. The proglottides are distinctly 
separate from one another, in the perfected state for the most part longer 
than broad, and are commonly provided with sexual openings upon the bor¬ 
der. 

A. VESICULAR TAPE-WORMS :-CYSTICJE. 

Most are of considerable size. The head only rarely unarmed (tamia 
mediocanellata) otherwise provided with a lenticular, slightly prominent 
rostellum and a circle of hooks. Besides the claws, the hooks have two 
strong projections from the roots, the shorter one anterior, the longer 
posterior. The proglottides are in the perfect state, elongated oval. 
The middle stem of the uterus gives off a number of ramifying side-branches. 
The openings of the sexual apparatus are on the border, regularly alternate, 
sometimes to the right, sometimes to the left. The ova have a firm and 
brown shell. The embryonal hooks are short and thin. 

a. vesicular tape-worms, whose heads are formed in the embryonal 
state (Subgen. Cystotcenice ,— Leuckart). 

T.EXIA SOLIUM, (LINN.) 

Inhabits the small intestines. Occurs more often, singly; less frequently, 
several are together; very rarely, numbering from ten to forty and over. 
In the developed state is usually from two to three metres long, and its 
proglottides 10 mm. long, and 6 mm. broad. The head is of the size of 
the head of a pin and globular - , with tolerably prominent suckers. The 
vertex is not infrequently pigmented black, and beai - s a modei’ately lai’ge 
rostellum with about twenty-six hooks. Beyond the head follows a neck, 
almost an inch long, filamentous and finely articulate. In the beginning 
the articulations are short, but their length gradually increases, so slowly 
howevei - , that they fii’st assume the quadratic form at a distance of one 
metre behind the head. Not far beyond begin the mature articulations. The 
mature proglottides which come off only with the excrement, at first 
in about three to three and a half months after infection (in different pei - - 
sons, in irregular numbers and times), are longer than broad, with rounded 
comers, like pumpkin seeds. The openings for the sexual oi'gans lie behind 
the middle. The uterus possesses from seven to ten side branches which 
divide into a varying number of dentated branches. The ova are nearly 
round and have a thick shell. 

The cyst-worm (cysticercus cellulosce ) belonging to this species has an 
especial pi - eference for the muscles of the hog, but is found also in other 


116 


VESICULAR TAPE-WORMS. 


places and in other animals, seldom in the ape, dog, deer, rat, etc. In man it 
is found most frequently in the intermuscular and subcutaneous connective 
tissue, and in the brain, more rarely in the eye, heart, lungs, liver, kidneys, 
meninges of the brain, and lymphatic glands, very rarely in the spleen and 
bones. Its occurrence in animals is usually in masses. In man it is found 
sometimes single; sometimes several are found, rarely in vast numbers. 
The tail-cyst has an irregular, moderate size, and in the muscles, a trans¬ 
versely elliptical form with the longest diameter in the direction of the 
course of the fibres; in soft organs (eye-chambers, vitreous, ventricles of 
the brain) it is round. The full development of the parasite continues 
two and a half months ; its life, from three to six years. 

The derivation of taenia solium from the common measle-parasite of swine follows 
not only from the entire agreement in the formation of the head and form of the 
hooks, but is also experimentally proven, by the development of the cysticercus cellu¬ 
loses out of the ova of t. sol. ; also, by the growth of the tape-worm in the intestinal 
canal of man, from the cystic, cell. (Kuciienmeister). 

Once I found cysticerci in large numbers, in the earlier stages of development, in 
the liver of a tuberculous man 3G years old. 

T.EXIA MEDIOCANELLATA, (kUCIIEXMEISTER.) 

Surpasses the taenia solium, not only in length (by one meter), but also 
in breadth and thickness, as well as in the size of the proglottides. Par¬ 
ticularly striking is the breadth of the immature segments, which some¬ 
times reaches from 12 to 14 mm., and, behind the head, they rarely 
diminish so preceptibly as in t. sol. The length of the segments increases 
much more slowly than in the latter. The head, of considerable size, is 
without a circle of hooks and rostellum, with a flat vertex, and four large, 
extremely powerful suckers, which are usually surrounded by a border of 
black pigment. The complete development of the sexual organs is found 
as in t. sol., near the 450th segment, while the proglottides reach maturity 
in only from 3G0 to 400 segments farther. The ova have a thick shell and 
are mostly oval. The uterus is characterized by the number (20-35) of its 
lateral branches, which lie close by the side of one another, and instead of 
by dendritic branching, they are known by their dichotomous division. 
Tf, as here very often happens, the segments come away spontaneously, they 
a :e usually without ova and shrunken, but still always of considerable size 
and thickness. 

The cyst-worm of this species inhabits the muscles, especially also the 
heart and internal organs of cattle; it is similar to the measles of swine, 
but smaller and without circles of hooks. It does not yet appear to have 
been found in man. 

T/ENTA (CYSTICERCUS) ACANTIIOTRIAS, (WEINLAND.) 

The vesicles of this tape-worm, which have hitherto alone been known, live like 
the cysticercus celluloses, which it closely resembles, in the muscles, subcutaneous 
connective tissue, and brain of man. The hook-apparatus consists of a triple circle 
of quite slender claws. 

T/ENiA marginata, (batsch) : from cyst. tenuicoUi. 

The mature tamise, which are found in the dog and wolf, bear a resemblance to 
tcenia solium. The larva (cyst, tenuicollvi) abides especially in the omentum, less 
frequently in the liver of the ruminants and swine, and occasionally in that of man 
(cystic. visceraUs of authors). It is oval, and of considerable size. In the fully 
grown larva, one extremity of the vesicle is drawn out into a neck-like process of 
greater or less length, which process contains a solid tape-worm, and surrounds it 
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like a sheath, when both are drawn into the interior of the vesicle. The posterior 
extremity grows riband-like, and hangs loose in the vesicle. 

b. Cyst-tape-worms, whose heads bud forth from the embryonic capsules 
attached to the inner surface of the vesicle. 


TAENIA ECHINOCOCCUS, (v. SIEBOLD.) 

The worm, three to four mm. long, consists of only three or four seg¬ 
ments, the last of which, at maturity, exceeds in bulk the whole remaining 
body. The thii'ty or forty booklets have coarse processes at their base, and 
are placed on a tolerably prominent rostellum. It lives in numbers in the 
intestinal canal of the dog (not in man). 

The young state of this taenia, the so-called echinococcus, forms a very 
considerable, almost motionless vesicle, which consists of a laminated cuticle, 
and of the underlying cellular parenchymatous layer, upon the inner surface 
of which numerous little heads bud forth in vesicles of the size of a millet 
seed. Not infrequently the vesicles increase by a budding process, out¬ 
ward or inward, thus being transformed into a compound system of larger 
and smaller vesicles inclosed one within the other (daughter, grand¬ 
daughter- etc., vesicles), all of which in turn give rise to a head. In this 
form the vesicles are found in man and cattle (so-called echinoc. hominis , s. 
altricipariens , s. endogenus , s. hydatidosus of the authors), while the remain¬ 
ing ruminants, swine and apes, for the most part harbor single vesicles, or 
those which increase exogenously (so-called echinoc. veterinorum , s. exo¬ 
genus , s. granulosus , s. scolicipariens of the authors). The favorite abode 
of the echinococcus is the liver in man, yet it is occasionally found in 
almost every organ (subcutaneous cellular tissue, muscles, peritoneum, kid¬ 
neys, lungs, spleen, nerve-centres, bones, heart, orbit and eye, thyroid, etc.). 
The echinoc. granulosus is found most often in the epiploon, in the parietal 
layer of the peritoneum and in the bones, less often in the liver, spleen, 
lungs, etc. ; the echinoc. hydatidosus, preferably in the liver, spleen, lungs, 
and subcutaneous cellular tissue; sometimes two forms occur in the same 
body and even closely united—generally a single echinococcus only is 
found ; many occur in various organs, the liver, however, being usually the 
principal habitat. 

According to Leuckart, the distinction between echinococcus altricipariens and e. 
scolicipariens is inadmissible, since both come from tcenia echinococcus (Krabbe’s 
Erfahrungen aus Island; Naunyn’s Experiments, Arch. f. Anat. Phys. u. wiss. Med. 
1802). 

The echinococcus of the liver occupies any part of the organ. In half of the oases 
of echinococcus of the liver which I have seen, it had become effete in various stages. 
Twice in the greater omentum I found movable echinococci, and on all the surfaces 
between the layers, shifting effete echinoc., of the size of a cherry. Consult also 
Viertel, Ueb. d. VorJc. v. Echinoc. im Rnochen-system des Memchen. Breslau, 
1872. 

The growth of the echinococcus is mostly a slow one, continuing, not infrequently, 
for ten years, as has been determined by experiment, from the diagnosis of accessi¬ 
ble echinococci of internal organs, as well as especially from their presence in the 
subcutaneous cellular tissue. An echinococcus hydatidosus , nearly as large as a child’s 
head at the time of operation, situated subcutaneously between the crest of the ilium 
and ribs of a man forty-one years old, had been observed in his twelfth year having 
the size of a musket-ball. The growth was somewhat quicker in another similar 
case. 

While the above-mentioned forms of echinococcus always represent a vesicular 
body of considerable size, the so-called multilocular echinococcus (Virciiow) is 
always small, of the size of a millet-seed, or, at the most, of a pea. Observed from 
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the earliest period of its development, it is never found to form a single vesicle, but 
only a group of little vesicles, which, larger and smaller intermixed, lie close to one 
another in considerable numbers, the smallest portion forming heads, and are em¬ 
bedded in a common stroma. It has hitherto been observed only in the liver, where 
it for the most part forms a round, firm body from the size of the fist to that of a 
child’s head, which is quite easily deprived of its covering, resembles many colloid 
tumors combined, and, on this account, was formerly regarded as alveolar This 
echinococcus shows in section, many small, mostly irregular cavities, separated from 
one another by a more or less thick quantity of connective tissue, which cavities 
enclose a tolerably transparent gelatiniform contents. The substance of the liver has 
there entirely disappeared. The multilocular echinococcus in particular has a great 
disposition to central ulceration. 

Huber ( Virch. Arch., 1872, LIY. p. 2G9) saw a multilocular echinococcus of the 
right supra-renal capsule. 

b. common tape-worms:— Cystoideae. 

These represent, in their early state, no peculiar larvae. In the larval 
state (cysticercouke) they occur only in the cold-blooded animals, especially in¬ 
vertebrates. (Thus e. g. the cysticercoid of tcenia elliptica, s. cucwmerina 
of the dog live in the lice which infest dogs: the dog infects himself by 
eating these lice.) With respect to the tape-worms themselves, the small 
size of the head and the imperfect development of the hook-apparatus are 
especially deserving of notice. Clinically, they are of less importance than 
the cyst-tape-worms. 

A. The prominence on the head is supplied with a single circle of small hooks. 
The genital pores are unilateral; there is a small number of vesicular testicles and a 
large receptaculum on the short vagina. Vas deferens without coils. Uterus large, 
extending through the whole joint. The ova show two smooth shells, and contain an 
embryo with large hooks. 

TAENIA NANA, (V. SIEBOLD.) 

Small, about 2.5 cent, long, 0.5 mm. broad. The body anteriorly, filamentous, 
but becomes quickly larger near the middle. Consists of a head and about one hun¬ 
dred segments, the last of which contain twenty to thirty mature ova. Once found 
by Biliiakz in the duodenum of a boy. 

TASNIA FLAVO-PUNCTATA, (WEINLAND.) 

Is 38 cent. long. The anterior half consists of immature joints, 0.2 to 0.5 mm. long 
and 1 mm. broad, which show behind the middle a quite large yellow spot, the recep¬ 
taculum filled with sperm. In the remaining half the joints grow to the length of 
1 mm. and breadth of 2 mm. , are without yellow spots, but through the moderate 
development of the ova they are brownish-gray. The mature joints are trapezoidal, 
sometimes almost triangular. Head, unknown. Found once by Weinland in a 

child nineteen months old. 

* 

B. The club-shaped papilla is provided with a multiple circle of small hooks, 
with a disk-shaped base. Two genital pores, opposite to each other, open into a 
male and a female duct, the latter of which, besides a receptaculum, possesses sev¬ 
eral germ-forming organs. 

TVENIA ELLIPTICA, (BATSCH.) 

Usually in dogs and cats. In the mature state, 150 to 200 mm. long and, behind, 
1.5 to 2 mm. broad. The anterior extremity of the body is thin, filamentous, with a 
thick head. The first forty joints are short; thereafter they stretch out so that the last 
are three or four times longer than broad, and are so nearly isolated from one another 
that the worm behind resembles a chain. The most mature joints have a reddish 
color from the ova. 

FAM. : BOTHRIOOEPIIALID.E. 

Head flattened ; its surface perpendicular to the surfaces of the series ; pro¬ 
vided on its borders with two deep fissure-like suckers. Articulation of the 
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body only imperfectly marked. Proglottides mostly broader than long. 
Three genital openings : one male and two female (i. e., one opening of the 
vagina and one of the uterus), on the middle line of the abdominal surface 
of the articulation. The hard shell, already provided before the commence¬ 
ment of the formation of the embryo, is provided with a lid so that the 
four or six-hooked embryo may come out independently, and float about 
free for a long time with the help of a ciliary covering. 

BOTIIRIOCEPHALUS, (BREMSER.) 

With a long-jointed body and bookless head. The genital pores are on 
the surface of the joints, over the uterus, near their anterior extremity. 
The mature uterus has the form of a rosette. 

BOTHRIOCEPHALUS LATUS, (BREMSER.) 

The most considerable human tape-worm, which sometimes is from 5 to 
8 metres in length, and then consists of from three thousand to four thou¬ 
sand short and broad joints. The length of the joints, with the exception 
of the last, is seldom more than 3.5 mm., while the breadth at the middle 
gradually increases to 10 or 12 mm. In the latter half the breadth dimin¬ 
ishes, while the length increases, so that the last joints are nearly 
square. Here the body is thin and flat, like a riband, especially on the 
sides, while the central part of the single joints stand out in the form of 
an elongated roll. The anterior end grows smaller and smaller until it at 
last becomes thread-like (0.6 mm.), so that the head, 2.5 mm. long and 1 
mm. broad, terminates in form of an oval swelling. The first mature ova 
are found at a distance of 500 mm. behind the head. The proglottides are 
not passed away singly, but in lengths (from 2 to 4 feet), especially • in 
February, March, October, and November. However, at every stool the 
characteristic ova of the tape-worm pass away : these are oval; their shells, 
transparent, colorless and single. The ova have a lid at one pole of each 
ovum, through which, when it is opened, the embryo slips out into the 
water. At the time of coming away, they are always in that stage of de¬ 
velopment represented by folds of the yolk. The six-hooked embryo, which 
is embedded in an outer ciliated membrane, is first developed several 
months after the ova have been passed from the intestines, and, indeed, in 
fresh water (i. e., river or sea-water). It differs from that of the Tseni® by 
its globular form, and by a firm membrane provided with thick cilia. 

The bothr. latus is found only in the western cantons of Switzerland and 
the adjacent districts of France, in the north-western and northern provinces 
of Russia, in Sweden and Poland, less frequently in Holland and Belgium, 
in single districts of eastern Prussia and Pomerania, Rhenish Hesse, indi¬ 
genous also in Hamburg, Berlin, London, etc. All these countries and 
localities are characterized by bodies of water; they are either bounded by 
coasts, or low countries with larger seas and rivers. 

According to Kxocrr ( Virch. Arch., XXIY. p. 453) the embryos of the bothr. latus 
are developed from ova in fresh water, in which also they travel. In river water, 
which especially in the western provinces and cities of Russia is used for drink, they 
are conveyed into the intestinal canal of mammals, and are then, after some time, 
developed into sexually mature tape-worms. The feeding of various fishes with the 
ova of the bothr. lat. have determined nothing with certainty respecting its scolex. 
While the embryos of tcenice become the sexually mature tape-worm only after passing 
through the stage of vesicle, the embryo of the bothr. is transformed in the intestine 
into the sexually mature animal without the preceding vesicular state. There is 
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therefore no doubt that the broad tape-worm is conveyed to man by drinking-water, 
and for the most part in the form of an embryo. 

BOTIIRIOCEPIIALUS CORDATU8, (LEUCKART.) 

Not unlike the b. la tun in the formation of its joints, but much smaller. The 
head, short and broad, heart-shaped, with level mouths. The broad body, with its 
segments, follows immediately, which increases so quickly that the anterior part of 
the body assumes the shape of a lancet. The mature segments are from three to 
four mm. long; the last larger and almost square. It is found in northern Greenland. 

Second Order : Trematodes, Sucker-worms. 

Parasitic solitary flat-worms, with inarticulate leaf-shaped bodies; with 
mouth, and bifurcated intestinal canal without anus; with abdominal pre¬ 
hensile apparatus. 

With respect to the basis substance, the skin and muscular apparatus 
have the same relations as in the tape-worm. On the anterior pole of the 
body is the mouth, for the most part at the bottom of a sucker. This leads 
into a muscular pharynx and oesophagus, which is continued into the always 
blind intestine. The excretory apparatus consists of a network of fine 
vessels, and two larger lateral branches discharging on the posterior pole. 
They contain a liquid with granular concretions. The organs of prehension 
vary with the manner of life, etc. Male and female organs are mostly 
united in the body of the same individual. Their pores open near the 
middle line of the forepart of the surface of the abdomen. In the ovaries 
the ova accumulate in great numbers and complete the stages of embryo- 
formation. All trematodes discharge their ova. The young having escaped, 
in the distomata go through a complicated alternate generation connected 
with metamorphosis. The small contractile, naked or ciliated embryos slip 
out of the ova which have reached water, and, wandering independently, 
seek a new animal habitat, mostly snails. They pierce into their interior, 
lose their cilia, and then develop into germ-cysts. These are the parents of 
the CERCARI.E, which are provided with a I’udder-like tail, and having 
escaped from the parent cyst and its habitat, move about free by creeping 
or swimming in water. They then enter a new aquatic animal (snails, 
worms, crabs, fish), into the tissues of which they pierce their way, and 
after the loss of the tail, form about themselves a cyst. Thus have the 
encysted, young, sexless distomata arisen from the cercaria*; the former 
received with the flesh of their supporters into the stomach, and thence, 
freed from their cyst, they enter other organs of another animal, where they 
become sexually mature. Usually the various development-stages of the 
distomata have also three different habitats. 

DISTOMUM, (RTJDOLFHI.) 

With two suckers on the anterior part of the body. Near the abdominal suckers 
lie the genital pores. The internal organs of generation occupy the hind part of the 
body. 

A. Body broad and leaf-shaped, with the forepart prominent and beak-shaped. 
The uterine coils twist into a rounded body behind the abdominal sucker. Testicles 
and intestine branched ; the former strongly developed. 

DISTOMUM IIEPATICUM. LIVER-FLUKE. 

Upon the tolerably thick forepart of the body (4 to 5 mm.) follows a flattened, 
elongated oval, larger part, which quickly grows to a considerable breadth (12 nun.), 
then becomes smaller, and not infrequently reaches a length of from 25 to 28 mm. 
The cuticula bears a great number of seal}’ spines. Suckers small and weak. Between 
the two is the genital pore, out of which comes the thick. hornj\ spiral penis. The 
uterine coils appear as a dark brown spot through the dirty-yellow surface of the 
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body, close behind the abdominal sucker. Also the branches of the intestinal canal 
often show a blackish color. The lateral borders of the body posteriorly contain the 
granular ovaries. 

The cercarue of distomum hepnticum and lanceolatvm are encapsuled most proba¬ 
bly in fresh-water snails (planorbis), which if, e. g. in marshy places, they are eaten 
by sheep, the latter become infested by them. 

The perfect dist. he/paticum inhabits numerous herbivorous mammals, especially 
sheep and other ruminants; also the horse, ass, swine, rabbit, squirrel, etc., and, but 
seldom, man. Its usual abode is in the biliary ducts, especially the largest; much 
less often in the intestines, in the interior of the vena cava, and other parts of the 
venous system. It occurs in man, for the most part, singly or in small number, 
and in all the detailed cases were the cause of obstructing the flow of bile ; while in 
most domestic mammals they have sometimes been found in such numbers that dila¬ 
tation of the biliary ducts, atrophy of the liver, emaciation, dropsy, and death have 
resulted (so-called liver-rot). Also in abscesses of various parts of the body, the liver- 
fluke has been found in a few cases. 

ts. Body more regularly formed, without branched intestinal canal. The uterine 
coils reach to within longer or shorter distance from the posterior extremity of the 
body, often to it. The hind part of the body is moderately broad and flattened. 

DISTOMUM CRASSUM, (Busk.) Once found in the intestinal canal. 

DISTOMUM LANCEOLATUM, (MEnUIS.) 

With thin bodies from 8 to 9 mm. long. Both extremities of the body pointed, 
the anterior more so, so that the posterior half has a greater breadth (2-2.4 mm.). 
The part between the two suckers passes gradually into the other portions of the 
body. The oral, like the abdominal sucker, has a central position. The shield-like 
prominent border of the head is pierced by numerous gland-pores. The head is 
naked. Both lobed testicles lie closely behind the abdominal sucker, before the ovary 
and the strongly developed uterus, whose coils shine through clearly. The anterior 
coils which contain the mature ova are black, the remainder rusty-red. The penis is 
long and filamentous. The embryo, which is almost completely developed in the 
interior of the uterus, is oval or spherical, ciliated anteriorly, and provided with a 
spikelet on the vertex of the head. 

Its abode, like that of dist. hepaticum, with which it is often associated, is in the 
bile-ducts, especially the small ones, sometimes also in the gall-bladder and intestines 
of sheep and cattle ; seldom in deer, rabbits, hares, swine, and extremely seldom in 

man. 

distomum opiitiialmobium, (diesing.) Once found in the crystalline lens. 

distomum iietekopiiyes, (srEBOLD.) Twice found by Biliiarz, in Egypt, in 
very large numbers in the small intestines. 

C. With separate sexual apparatuses. Bodies long and slender ; in the female almost 
cylindrical; in the male, the back part of the body flattened and involuted. 

distomum haematobium, (biliiarz.) 

Oral and abdominal suckers of equal size, near to one another, on the anterior part 
of the body. The genital pore close behind the abdominal sucker. Color, milk- 
white. The male is shorter (12-14 mm.) and thicker than the female, and has larger 
suckers. The anterior part of the body which bears the suckers is distinctly flattened, 
while the posterior, which quite suddenly thickens, appears cylindrical, but upon 
closer examination is found to be flattened. The apparent cylindrical form arises 
from a furrow-like incurvation of the abdominal surface. The folded body posteriorly 
forms an incompletely closed tube for the reception of the female. The male genital 
organs consist of thickly crowded seminal vesicles, provided with a single duct. The 
surface of the body is covered with little spikelets. The female has a long (14-19 
mm.) and slender, almost cylindrical body. The intestinal canal divides for only a 
short distance, and then its diversions together enter a single blind pouch, near to 
which the ovaries extend. The elongated oval ovary forms at the posterior extremity 
a canal, which, joined with the oviduct, extends to the genital pore. The embryo is 
cylindrical, and terminates anteriorly in a pointed proboscis; its surface is covered 
with thick cilia. Any farther metamorphosis is unknown. 

The dist. Jicem. is very frequent in Egypt: In the vena portfe and its branches, the 
splenic veins, the mesenteric veins, as well as in the textures of the intestinal canal 
and bladder. Its food is the blood, the corpuscles of which are always found in its 
intestine. In the vessels it causes various anatomical obstructions; in the mucous 
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membrane of the bladder, ureters, and of the intestinal canal, hyperaunia, haemor¬ 
rhage, pigmentation, nodules, pustules, and ulcers resembling those of dysentery or 
condylomatous excrescences ; sometimes obstruction of the ureters with consecutive 
formation of calculi, pyelitis, and hydronephrosis. According to Griesingkr (Arch, 
d. lleilk. 1800, p. 46), exotic hamiaturia, at least at the Cape of Good Hope, is due to 
dist. 1mm. 

MONOSTOMUM, (ZEDER.) 

Differs from Distomum chiefly in the absence of the abdominal sucker. The oral 
sucker also has only a slight independence ; the pharynx, usually very well developed. 
The genital pores are near the anterior extremity. 

MONOSTOMUM lentis, (nordmann.) Once found in the crystalline lens. 

2. Class: Nematelmia, Round-worms. 

Worms with rounded, pouched, or filamentous bodies, without rings or 
segments, sometimes with papillae or hooks on the anterior pole. The sexes 
are distinct. 

First Order: Acanthocephali. 

Pouched round worms with rimmed vertex bearing hooks, without mouth 
and intestinal canal. 

The chief species, echinorruynchus, inhabits the intestinal canal of several of 
the vertebrates. One of this form, not yet sexually mature, was found by Lambl in 
the small intestines of a leucmmic child. 

Second Order: Nematodes, Thread-worms. 

Round worms with lengthened, thread-like bodies, with mouth and 
intestinal canal. 

The armament, when present, consists of papillae in the neighborhood of 
the mouth, or of spikelets and hooks within the oral cavity. The mouth, 
on the anterior extremity of the body, opens into a narrow oesophagus, 
which, for the most part, dilates into a muscular pharynx. Then follows 
an intestinal tube with cellular walls, which terminates on the abdominal 
surface, not far from the posterior extremity of the body, in the anus. 
The hard skin, often transversely wrinkled and consisting of many layers, 
incloses the strongly-developed muscular layer. There are two lateral 
longitudinal striae of free muscles, the so-called side-lines, i. <?., organs of 
excretion analogous to the water-vessel-system, which together open, by 
means of the transverse vessel-pore, so-called, at the upper part of the 
pharynx on the abdominal surface. A nervous system in form of a ring 
around the oesophagus, is in many certainly demonstrated. They are 
sexually distinct. The male differs from the female in its smaller size, and 
generally by the curled posterior extremity of its body. The male and 
female genitals are extended, forming single or coupled pouches, which, in 
the upper portions, represent testicles and ovaries, in the lower portions 
ducts and reservoirs for the procreation material. These coupled ovarian 
pouches are placed upon a short vagina common to both, which opens 
through the female genital pore in the middle of the body, or near the 
anterior or posterior pole. The male genital pore is situated at the poste¬ 
rior end of the body, and possesses an organ for copulation protected by 
prominent spicuke. The nematodes are partly oviparous, partly viviparous. 
The free development of the young forms takes place mostlj T by siugle meta¬ 
morphosis; it is nevertheless often complicated, so that it does not always 
occur in the habitat of the mother animal. Many young forms havo an 
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abode altogether different from that of their parents, and often the young 
and sexually mature nematodes inhabit different organs of the same animal, 
or even different animals. The transportation of the free and parasitic 
development-forms distributed to different organs of different animals, is 
partly by means of their own wandering, partly in a passive manner by 
means of the food and drink. Some nematodes live parasitically in parts of 
plants. 

1. sub-order: strongyloid^e, nematodes with anus. 

1. FAM. : ASCARIDES. 

Mouth provided with three lips or papillaj, sometimes with horny borders 
and teeth in the throat. Opening for the penis near the posterior end with 
a point going out from the pointed tail. 3lost of the forms of ascaris lay 
hard-shelled eggs, which develop into an embryo only after a long abode in 
moist media. 

ASCARIS LUMBRICOIDES, ROUND-WORM. 

Body cylindrical, pointed at both ends, whitish or reddish in color. The 
length of the male reaches 250 mm.; thickness, 3 mm. ; the length of the 
female, 400 mm.; thickness, 5.5 mm. The skin is transversely marked, 
with four whitish longitudinal striae. The head, consisting of three semi¬ 
lunar lip-sliaped parts, is separated from the body by a groove. The tail 
of the male is conical and hooked, that of the female, blunt. The male 
genitals are situated anterior to the tail; those of the female, anterior to 
the middle of the body. The intestinal canal runs through the whole body 
and opens near the tail. The remaining cavities of the body are occupied, 
in the female, by the white filamentous genitals (with about GO mm. ova), 
which, in injury to the animal, are pressed out; in the male, by the testicle 
and seminal duct. It occurs very often, especially in children from three 
to ten years of age, and especially in autumn. Its chief habitat is the 
small intestines, whence it may wander into every part of the intestinal 
canal from the mouth to the anus, seldom into the gall, and pancreatic 
ducts, and upper respiratory tubes. In the small intestine and other parts, 
the round worm may occur singly or in small numbers; but in the small 
intestine they may exist in very large numbers (one to two hundred and 
more). They wander spontaneously in health or during some diseases 
(typhoid fever, cholera, etc.), to the exterior of the body. The harm which 
these worms may cause, consists in catarrh of the organs of digestion, some¬ 
times in nervous phenomena (paleness of the face, dilatation of the pupils, 
etc., and convulsions of various kinds), and in stenosis of the narrow passages, 
causing icterus, suffocation, etc. They seldom cause perforations of the 
intestinal walls and the so-called worm-abscesses of the abdominal wall, 
especially in the umbilical and inguinal regions, which contain pus, one or 
more round worms and usually food or excrement, and are evacuated for 
the most part exteriorly, seldom with the urine. Still more rarely do they 
give rise to acute general peritonitis. 

ASCARrS MYSTAX, (ZEDER.) ASC. ALATA, (BELLINGHAM.) 

Smaller and thinner than the preceding', quite regularly symmetrical. The 
female, to 120 mm. in length; the male, to 60 mm. Identical with the common 
round worm of cats. Observed only a few times. Sequelae little known. 

OXYURIS VERMICULARIS, THREAD-WORM. 

Body filamentous, white. On the head are three lips and strong cuti- 
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cular swelling. The females exist in much larger number than the males. 
The length of the male is 4 mm. ; that of the female, 10 mm. Skin striated, 
with tooth-like prominences. The tail of the male blunt and curled, with a 
sucker on the point; that of the female, occupying a fifth of the length of 
the body, pointed and straight. The straight intestinal canal runs through 
the middle of the body. The male genital pore is near the tail; that of the 
female, in the anterior half of the body. They occur very often in chil¬ 
dren, not infrequently in adults, in greater or less number, and continue 
sometimes only a short time, sometimes years. They inhabit preferably, the 
rectum or the whole large intestine, seldom the lower part of the small 
intestine. Sometimes they are found around the anus and in the vagina. 

Worms excite catarrh in the intestine and itching around the anus, 
especially at evening, when they partly leave the rectum and go even into 
the vagina. In consequence of the itching arise nervous excitements, ex¬ 
coriations, eczema, etc., and, in the vagina, catarrh. 

2. FAM. : STRONGYLOIDiE. 

Mouth for the most part armed with a horny surface or hooks. Penis 
embraced by a bell-shaped vesicle. 

STRONGYLUS (EUSTHONGYLUS) GIGAS. 

Very long, cylindrical, red worm. Viviparous. The male hardly .5 M. 
long, 12 mm. thick; the female from 100 mm. to more than 1 M. long, 
8-12 mm. thick. The body blunt posteriorly; anteriorly, pointed. The 
mouth narrow, surrounded with six papillae. The female genital pore far 
forward. It is distinguished from all the other male nematodes by its 
length, but chiefly by its blood-red color, but is easily mistaken for the 
fibrin of blood-clots. Smaller specimens can also be confused with asc. 
lumbricoides. It is rare. It occurs in the pelvis of the human kidney, 
which it obstructs, as well as in the parts surrounding the kidney. Out of 
the former locality the worm can be expelled with the urine; out of the 
latter, it may reach the exterior by causing the formation of abscesses. In 
the kidneys, abdominal cavity and heart of the dog, and of beasts of prey. 

STRONGYLUS LONGEVAGINATUS, (niESING.) 

Body filamentous, straight, dirty white, longitudinally striated. The male 12- 
14 mm. long, 1 mm. thick; the female, to 25 mm. long, 1 mm. thick. Once found 
in the parenchyma of the lungs of a boy. 

Another variety of strongylus, strongylus ARMATUS, is the cause of one of the 
most frequent and most dangerous diseases of the horse, the so-called colic,—aneu¬ 
rism (wurm nneuryma) of the arteries supplying the intestines. This aneurism is 
true and mixed, of the size of a pea to that of a man’s head, and is dependent on a 
traumatic arteritis caused bj r the worm mentioned; through inflammation the lumen 
of the vessels is also narrowed, and there is formed for the most part a fixed thrombus, 
while the muscular coat hypertrophies and the adventitia is indurated and thickened. 
The thrombus, as such, and emboli from it, give rise to dangerous symptoms: hasm- 
orrhagic infarctions, paralysis of the muscular coat of the intestines with constipa¬ 
tion and strong meteorism, rupture of the intestine; by the progress of the disease 
back along the mesenteric arteries into the aorta, diseases, especially paralysis of the 
hind extremities. Consult Bollinger, Beitr. zur vergl. Path. u. s. ic. der Ham- 
Mere. 1870 u. 1872. 

ANCHYLOSTOMUM DUODENALE, S. STRONGYLUS DUODENALIS. 

Body cylindrical. The head turned round to the surface of the back, 
with a wide mouth and horny mouth-capsules; on the upper border two 
strong claw-shaped hooks. Bursa three-lobed. The males reach 10 mm. in 
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length, and 1 mm. in thickness; the female, 18 mm. in length, 1 mm. in 
thickness. Found in the duodenum and beginning of the jejunum. In 
Italy, but especially in Egypt and in tropical countries; sometimes singly, 
sometimes in very great numbers. It bites its way into the mucous mem¬ 
brane, pierces the submucous cellular tissue, and subsists on the blood. 
After its removal thei'e remains an ecchymosis of the size of a lentil, the 
centre of which presents a white spot of the size of a pin’s head, with a fine 
hole. Out of these wounds the blood oozes into the intestinal cavity. 
When the worm is in the submucous cellular tissue, the inner surface of the 
intestine presents flat elevations of the size of a lentil and of a brownish 
color. Seldom single, mostly by thousands. It gives rise to anaemia, and 
the very extended Egyptian chlorosis. 


The Strong, dnod. probably passes its youth in dirty water, and is thence conveyed 
with the drink immediately into the intestinal canal, where in a few weeks it assumes 
its definite form. 

According to Griesinger (Arch. d. Ileilk ., 18(56, p. 381), tropical chlorosis 
(geophagia) is most probably dependent upon the anchylostomum. 

3. fam. : trichotrachelida:. 

Moderately large, longitudinally striated worms. The body is for the 
most part provided with a thin, elongated, neck-like anterior segment. The 
mouth, small, without papillae. The penis w r ith a tubular sheath. 

TRICHOCEPHALUS DISPAR, LONG THREAD-WORM. 

Body short, about 2 cent, long, 1 mm. thick, to which is attached a 
filiform neck, 20-25 mm. long, and head; in the male, spiral; in the female, 
straight. The tail is blunt in the male, pointed in the female. The male 
is lighter colored than the female, the latter being darker from the presence 
of ova shining through. It is found in children and adults. Often in the 
caecum and ascending colon ; less often in the lower small intestine. Often 
found in great numbers. Its effects are unknown. 

TRICHINA SPIRALIS, (OWEN.) 

Occurs in man in the developed and undeveloped states. 

The mature trichina is attenuated at the anterior extremity; at the tail, 
blunt, rounded. The intestinal canal passes direct through the length of 
the whole body, and is divisible into oesophagus, stomach, and rectum. 
Viviparous. The male, 1.5 mm. long; the female, 2-3 mm. The female 
genitals lie for the most part in two-thirds of the body. The testicles are 
located in the last third of the body. Found in the small intestine, less 
often in the large intestine, of man, swine, of the dog, cat, rabbit, guinea- 
pig, rat, and of isolated birds. 

In the immature state the body is filiform, about 1 mm. long, and has, 
besides the intestinal canal, no internal organs, or, at the most, only rudi¬ 
ments of such. The trichinae, twice or three times spirally coiled, occupy 
the voluntary, striated muscular fibres of man and animals, within very 
small, elliptical or lemon-sliaped, thick-walled capsules, which later become 
calcareous, and inclose, for the most part, one, rarely two, very rarely three 
worms. In this state they remain for years capable of development. 

From an observation by KLOPSCH (trichinosis in 1842, in 1866 second amputation 
of a recurring mammary cancer), trichinae occupying the muscles may attain the age 
of twenty-four years ( Virch. Arch ., XXXVI. p. 609). 
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On the second day after the use of raw flesh containing trichinae, and the 
consequent entrance of trichinae into the intestinal canal, and after the 
digestion of the inclosing capsule, the worm readies its full sexual maturity. 
They there copulate, and on the sixth day thereafter the females bring forth, 
in great numbers (about 1,000), living filamentous embryos. The young 
immediately (on the tenth day after the use of the tricliina-flesh) begin their 
wandering, pierce the walls of the intestine, and, partly through the abdom¬ 
inal cavity by way of the intermuscular connective tissue, partly with the 
blood, they reach the voluntary muscles of their bearer. The muscles first 
afl’ected are those of the body and head, then those of the extremities. They 
pierce into the interior of the muscle-bundle, and already on the fourteenth 
day reach the size and organization of living trichinae, undeveloped, in the 
muscles. The infected muscle-bundle very soon loses its earlier structure, 
while the fibrilhe become homogeneous or assume the appearance of a finely 
granular substance; later the sarcolemma thickens and begins from the end 
to shrivel, while the parasite coils itself within in a spiral manner, and the 
inhabited place is enlarged and spindle-shaped. Then, under the thickened 
sarcolemma the formation of the lemon-shaped or spherical cysts, through 
hardening and calcification of the horny substance, begins. Simultaneously 
there arises in the neighborhood of the affected muscle-bundle a cellular 
growth, which originates in the nuclei of the capillaries themselves and 
their surrounding tissues, as well as in the nuclei of the muscle. Out of 
the former are formed new capillaries, as well as a thick capillary network 
around the trichina-capsule ; out of the latter, new muscle-fibres, so that in 
the greater number of cases a complete regeneration of the muscular tissue 
occurs. 

The trichina disease assumes various forms, especially according to the 
number of trichinae taken capable of development. In the severer cases 
there occur in the first week after the infection, digestive troubles of differ¬ 
ent degrees. In the second week there arise the quite charactei'istic group 
of symptoms in the muscles of the trunk and extremities (feeling of 
stiffness, hardness, pain from pressure and movement, hoarseness, dyspnoea), 
fever, continuation of catarrh of the mucous membrane of the stomach, 
oedema, etc. It ends in recovery, sometimes after a long time, or death. 
Light cases present no symptoms, or such as are uncharacteristic. 

Zenker with GerIjACII regards the hog as the true and original bearer of trichina?, 
the true source of trichinae. Infection of hogs takes place by swallowing intestinal 
trichinae and embryos which had been passed with the excrement of other hogs, but 
especially by eating trichinous flesh of other hogs ; also by feeding the refuse flesh at 
butcheries to the hogs in the yard. Trichinous rats are a sign of the presence of 
trichinous bogs. 

Virchow, Arch. , XVIII. p. 330. Zenker. Ih. , XVIII. p. 561; Jnhresber. der 
Gat. f. Natur-u. Heilk. zu Dresden. 1861, u. 62, p. 49 u. 53; D. Arch. f. klin. Med ., 
1871, VIII. p. 387. Bohler, Die Trichimnkr. , 1863. Leuckart, Unters. iib. Trich. 
Spir., 1860. Fiedler, Arch. d. Heilk., V. p. 1. Colberg, Deutsche Klin., 1864, 
No. 19. 

4. FAM. : FILARID.E. 

With very long, filamentous body, sometimes with, sometimes without 
papillae. 

FILARIA MEDINENSIS, THREAD-WORM, GUINEA-WORM. 

Female, 3 cent, to 1 M. long, 2 mm. thick, white, becoming thinner 
posteriorly; the male, much smaller and little known. Inhabits especially 
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the subcutaneous cellular tissue of the foot, less often other places (scrotum), 
and the conjunctiva bulbi. Found only in tropical countries. Lies in the 
places mentioned, sometimes coiled, sometimes stretched out. Examples of 
it are found most often singly, sometimes in great numbers. When the 
brood of the female worm has reached maturity, there arises in the skin a 
sort of swelling which is perforated; with various local and general symp¬ 
toms. 

The researches of Fedtsciienko in Turkestan make the order of life of the young 
filariaj as follows: The filarioa already in the womb creep out, are some time free 
in water, then wander into the small fresh-water crabs {Cyclops), and if these, with 
dirty drinking water, are consumed by man, he becomes infected. 

dbacun c uijus OCULI. Under the conjunctiva of .Ethiopians. 

FILARIA lentis. In the crystalline lens and liquor Morgagni. 

FILARIA HOMINIS s. BRONCniALIS. In the bronchial glands. 

Class : Annelid.®, ringed worms. 

Cylindrical or flattened worms, mostly with segmented body with brain, oesophageal 
ring, chain of abdominal ganglia, and bloodvessels. 

Order : Hirudinis, leecii. 

Body with narrow rings, with terminal central disk, without feet, hermaphrodite, 
and mostly parasitic. 

SUB-ORDER: GNATIlOBDELLiE, GILL-LEECn. 

Throat provided with three, often dentated gills, longitudinally plaited; 4 to 5 rings, 
for the most part, are upon one segment. In front of the mouth is a prominent, 
curled, spoon-shaped disk, which forms a sort of oral sucker. Its blood is mostly 
colored red. 

' HIRUDO, BLOOD-LEECH. 

Has usually ninety-five distinct rings. The anterior rings bear ten spots (eyes). 
The male genital pore lies between the twenty-fourth and twenty-fifth rings ; that of 
the female, between the twenty-ninth and thirtieth rings. Gills dentate. The stom¬ 
ach, with eleven pairs of lateral pouches. 

hirudo medicinalis, with its distinct officinal varieties, has eighty to ninety 
fine teeth on the free border of the gills. Is cultivated in leech-ponds, and needs 
three years to arrive at sexual maturity. 


III. ARTHROrODA. 

Laterally symmetrical animals with segmented bodies and articulate ap¬ 
pendages (limbs), with brain and abdominal ganglia. Propagation jirepon- 
derately sexual. 

Class : Arachnid.®. 

Air-breathing arthropods with head and thorax blended, without feelers, 
with two pairs of jaws and legs, and abdomen without members. Sexes 
distinct. Mostly oviparous, seldom viviparous. 

Order: Linguatulid®, pentastomid®. 

Body worm-shaped, elongated, flat or rounded, ringed. Mouth on the 
anterior end, rounded, open, surrounded by a horny border. Four legs, 
hook-like, and sheathed. Surface of the body hard and pierced by stigmata. 
The female genital opening in the tail; that of the male on the abdominal 
surface. Penis doubled, very long, filiform. The male smaller than the 
female. Metamorphosis complete. 
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PENTASTOMUM T^ENIOIDES. 

Female 80, male 20 mm. long. Inhabits the nasal cavities and frontal 
sinuses of the dog and wolf, very seldom those of the horse and goat. The 
embryos, within the shells of the ova, are expelled with the mucus and ad¬ 
here to plants, and thence are taken into the stomach of rabbits, hares, goats, 
man. In man, as well as in all the last-named animals, only the larvae are 
found. 

PENTASTOMUM DENTICULATUM. 

This form is 4-6 mm. long, 1.5 mm. broad, always encapsuled, curved 
to the shape of a half-moon, calcified. It is often found located on the sur¬ 
face of the liver, seldom in its interior, especially of the left lobe, on the 
sui'face of the small intestines, stomach, kidneys, spleen, lungs. Frequent. 
It is without consequences. 

Twice have I found a living, well-formed, but not fully grown, pent. dent, in a 
distinctly prominent recess of the surface of the liver, which recess was of the size 
of a half-pea, cyst-like, but not smooth, and not provided with an enclosing mem¬ 
brane. At a distance from these were found three calcified pentastoma. Also I found 
two specimens of well-formed pent. dent, on the surface of the lung of a mangy cat; 
one was completely calcified, the other in the process of calcification. 

Order : Acarina;, mites. 

Body compact, inarticulate ; abdomen blended with the anterior part of 
the body; apparatus of mouth for biting, sucking, or stinging ; respiration 
by means of tracheae. 

fam. : dermatophili, hair-follicle mite. 

Elongated little mites, with lengthened, worm-shaped, fringed abdomen, 
with suckers and stiletto-shaped jaws, and four pairs of short, bipartite 
stumped feet. 

acarus folliculorum, comedone-mtte, (simon.) (Macro,gaster platypus , 
Dermodex folliculorum.) 

A slender animal, about 0.2 mm. long. Organs of generation and de¬ 
velopment unknown. Very common. Found in most men in the ear- 
wax and in the sebaceous glands of the external organs of hearing and of 
the face, seldom in those of the chin, breast, etc., not in those of the extrem¬ 
ities. In most cases, many animals, sometimes even ten to twenty, are found 
in one follicle. With the exception of occasional comedones and acne-pus¬ 
tules, there are no consequences. 

Mites similar to the acarus follic. occur also in dogs, cats, sheep, bats, etc. 

FAM. : ACARID.E, MITES. 

Bodies microscopic, compact, soft-skinned, with horny stalks for the sup¬ 
port of the limbs. Legs mostly short, stumped, and provided with disks 
for prehension. 

ACARUS, seu SARCOPTES SCABIEI, ITCH-MITE. 

The female is about 0.5 mm. long, 0.4 mm. broad, dull grayish-white; the 
male almost half as large and strong. Body rounded, arched, with shallow 
indentations and swellings, and fine parallel transverse stripe. On the dorsal 
surface are numerous conical elevations and spines; on the back, sides, and 
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legs, isolated long bristles. Head round, with bristles and mandibles. In 
the mature state there are eight legs, of which two are situated anteriorly 
near the head, and are provided with terminal disks ; two pairs are situated 
posteriorly, and terminate in long strong bristles. The ova are oval, about 
0.2 mm. long, and in them the young mites are sometimes seen, which after 
creeping forth have only one pair of feet posteriorly. 

The female itch-mite penetrates the epidermis of the inner side of the 
fingers and of the wrist, and forms under it a somewhat winding passage, 
which is colored brownish by dirt and the excrement of the mites. At the 
end of the canal (cuniculus) it perforates the corium, therein giving oft' an 
acrid liquid which excites itching, and, consequently, the skin affection is 
known as the common itch. In cases of long duration especially, there are 
not rarely found abundant scales and crusts, the so-called itch-scabs. 


According to Delafond and Bourguignon, the sar copies hamitiis occurs also on 
the dog, the horse, and lions. 

(Furstenberg. Die Kratzmilben der Menschen und Thieve. 1861. 

The mites (sarcoptes or dermatodectes?) accidentally borne by man are: the true 
sarcoptes fdis, save, canis, save, equi, save, basis, save. avis. 

FAM. : IXOD.E, TICKS. 

Larger, mostly blood-sucking mites, with firm back-shield and large, ex¬ 
tended dentated mandibles. They live upon grasses and upon trees of the 
garden and forest, and only occasionally are they found upon man. The 
female sinks its proboscis into the skin, fills itself with blood, by which 
it swells out and causes, besides pain, suppuration of the part affected. 
There are: ixodes ricinus, the common tick; ix. mctrginalus , the bordered 
tick ; ix. americanus humanus. « 

The dermanyssus avium, or argas reflexus, is likewise found on man, 
accidentally or when in want of other subsistence. It lives in dove-cotes, 
hen-roosts, bird-cages, etc., upon the affected animals. It gives rise to an itch¬ 
ing, burning pain, and leaves behind a reddened, somewhat swollen bitten 
place, sometimes also oedema, etc. 

Boschulte ( Virch. Arch., XVIII., p. 554) and Gerstackf.r (lb., XIX., p. 457.) 

The Argas perstcus likewise appears to belong to this family. 


FAM. : TROMBIDIDiE, RUNNING-MITES. 

Body brightly colored, covered with hair. They run upon plants and 
upon the ground. The young, six-legged, live parasitically upon insects, 
etc., sometimes also upon man. The so-called leptus autumnalis, goose¬ 
berry or harvest mite, often in great numbers, penetrates the skin of the 
reapers, etc., in summer, causing troublesome itching, inflammation, and 
swelling, sometimes even fever. It is easily recognized on account of its 
reddish color, hence the name of the affection, Rouget. 

(Gudden, Virch. Arch., LII., p. 255.) 


Class : Hexapoda, insects. 

Air-breathing arthropods, whose body generally is distinctly separate into 
head, thorax, and abdomen, with two feelers on the head, and three pairs 
of legs on the tripartite thorax. 

9 
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Order : Riiynchota. 

Sub-Order : Aptera. 

Small wingless insects, with short, turned-in, fleshy beak, and piercing 
bristles, or with rudimentary biting mouth, with a body posteriorly com¬ 
posed, usually, of nine articulations. 

pediculus capitis, head-louse. 

PEDICULUS PUBIS Vel PHTIIIRIUS INGUINALIS, Cl*abs. 

PEDICULUS VESTIMENTI, clothes-louse. 

In very rare cases there arises the so-called louse-disease, piitiiiriasis, in which 
the clothes-louse is found in ulcers of the skin, and even under the skin in boils 
and pustules, the covered louse-ulcers, so-called. (Landois, Wien. med. Wochenschr 
1865, Nos. 17-19.) 

Sub-Order : Hemiptera. 

cimex lectularius, Acanthia rotul. Bed-bugs. 

Virchow (Arch., LIV., p. 283) describes an immense invasion of wood-lice ( clolhilla 
inquilina , v. Heyden). 

Order : Diptera. 

Insects with sucking and piercing mouth-apparatus, inarticulate thorax, 
with cuticular anterior wings, swing-bats for wings posteriorly, and com¬ 
plete metamorphosis. 

PULEX IRRITANS, flea. 

PULEX vel DERMATOPIIILUS PENETRANS, sand-flea. 

The latter lives in South America. It pierces the hairless parts of the epidermis in 
an oblique direction, and having reached the cutis it deposits numerous ova, whereby 
the animal formerly appearing as a long brown point, swells out into a pearl-gray 
vesicle, of the size of a pea. When the ova reach maturity they are expelled, and 
develop further in the sand. After that the insect dies, and is cast off with the epi¬ 
dermis. The parts of the skin deprived of sensibility, of those affected with leprosy, 
often show numerous holes caused by the sand-flea. 

Of the Diptera the following, partly parasitic, are worthy of notice : 

cestrus iiominis, gad-fly. It lays its ova in the skin of man, giving rise to 
boils. 

MUSCA VOMITORIA. large, blue-bottle fly. 

sarcopiiaga, common flesh-fly. 

musca domestica, house-fly. 

All deposit their ova with the—for the most part already formed — larvae, or the 
latter themselves in the cavities of the mucous membranes of the surface (conjunc¬ 
tiva, nasal cavities, vagina), upon excoriated parts, in wounds and ulcers. In rare 
cases the larva3 enter the stomach, where they remain several daj r s alive, and possibly 
give rise to intense catarrh of that organ (Mesciiede, Virch. Arch., 1866, and 
Gerhardt, Jen. Ztschr., 1867, p. 454). Thomas (oral com.) saw a severe car- 
dialgic attack in consequence of a living wasp having entered the stomach ; re¬ 
covery after the escape of the wasp by vomiting. 

According to Coqueiiel (Arch, gen., 1859, June), a fly ( Lucilia hominivorax) 
occurs in Cayenne, whose larvce gives rise in man to very severe illness and even 
death. When present in the nasal cavities and frontal sinuses, they cause pain, 
luemorrhage, meningitis, etc. 


9. CONTAGIONS AND MIASMATA. 

EPIDEMICS AND ENDEMICS. 

The literature of the subject is found in works on general pathology, on the acute 
exanthemata, and in Griesinger’s “Infectious Diseases” ( Virch. llandb. d. spec. 
Path. u. Ther. II., 2 Abth. 2 Aufl., 1864). 
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The cause of a number of the most important diseases, contagious and 
miasmatic, is still almost unknown. It is most probably specific, and 
atfects the body like a poison, a virus. Although we know only the effects 
of this unknown agent, we may, nevertheless, suppose for each of these dis¬ 
eases a definite material, because the disease spreads either from individuals 
already sick in a similar manner, or at certain times, or proceeding from de¬ 
termined localities the disease spreads, and because the cases of disease in 
the same category, thus arising, behave in an extremely similar manner. Be¬ 
sides, they have much in common with respect to their symptomatology. 

The influence of such a virus upon the body we call infection, and 
the respective diseases receive the name of infectious diseases. These 
diseases form a special group, and do not include the affections which are 
independently produced within the body itself, by outside influences, by 
means of transpositions of a kind partly or entirely unknown, although the 
action of those products of transposition are to the senses in part quite similar 
to the infecting substances mentioned. Thus tuberculosis, carcinosis, 
pyaemia, septicaemia, etc., not arising from an exterior cause, are not ranked 
among the infectious diseases. 

In the spi'eading of these diseases by infection, the locality of origin of 
the virus varies. When the virus, by which an individual becomes sick, 
has its origin only within another individual already sick, from whom it is 
excreted in an active state with the power to spread from individual to in¬ 
dividual, then is the disease called contagious, and the unknown material, 
CONTAGIUM. But if the unknown agent which further propagates the same 
disease has originated in the ground, and is diffused through the air or 
water, so that one may become infected without having met another already 
sick, or so that the sick cannot be the means of the further spread of the 
disease, then it is called miasm. 

These two expressions for the manner of spreading of individual diseases 
are with ease kept sharply distinct. Intermittent fever is not contagious. 
It is well known that one can, with impunity, approach another sick with 
intermittent fever; but it is also known that a residence in certain places 
is dangerous, so that the cause must lie in the ground or in the air. Inter¬ 
mittent fever is decidedly and essentially of miasmatic origin. On the 
other hand, in measles, scarlet fever, small-pox, whooping-cough, diphtheria, 
epidemic parotitis, as well as in syphilis, the ground and air do not trans¬ 
port these diseases; he only becomes sick with measles who has been near 
another sick with measles, and he only with syphilis who has come in im¬ 
mediate contact with an individual affected with syphilis. These diseases 
are of a decidedly contagious nature. 

In a wider range of diseases, however, as cholera, typhoid fever, etc., it 
is not to be decided whether they are propagated in one or the other way, 
or in both ways. In these diseases both ways of propagation have been 
observed, and on that account are called miasmatic-contagious. It is be¬ 
lieved that the poison arising by the disease is developed not only in the 
body of the sick person itself, but also in the clothes, etc., or in his room, 
in the privy, in the floor, etc., is developed or multiplied, and only then is 
received by others. The diseases thus arising are, typhoid fever, cholera, 
yellow-fever, the plague, hospital-gangrene, dysentery, influenza, pyiemia, and 
puerperal fever, perhaps also facial erysipelas and cerebro-spinal meningitis. 
But this assumption has lately been contested. 

The acute exanthemata (small-pox, scarlet fever, measles) are exquisitely con¬ 
tagious diseases. But whether, in a place where a great number are taken sick, the 
separation of the healthy is of service, it is as yet hardly safe to determine, but it is 
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at the least improbable. The latter especially is in accordance with the experience 
of Panum in measles ( Virch. Arch., 1847, I., p. 492). lie observed an epidemic of 
measles in the Faroe Islands, which raged from April to October in 1846, and which 
attacked over 6,000 of the 7782 inhabitants. For sixty-five years measles had not 
been known on those islands, which is explained by the fact that the islands were 
almost shut out from the rest of the world by a commercial monopoly, and that the 
seventeen inhabited islands and their cantons have very little intercourse with one 
another. PANUM here many times determined that measles only was communicated 
by immediate intercourse with those sick of the same disease; iu a few cases 
indirectly (through the clothes). 

In England, since the researches of Will an and Bright, erysipelas has been 
regarded as a contagious disease. 

Typhoid fever and cholera are, according to the common view, contagio-mias- 
MATic diseases. They spread through those sick with the disease, or by objects 
which have been used and have become infected by them : thus they are contagious. 
For the first cases of sickness iu a community are often those of persons who have 
had direct intercourse with the sick. But very often also they are seized who had 
not stood in the least direct relation with the sick, but who live upon the same soil 
as the sick, or who had drunk the water infected by the soil; this is miasmatic pro¬ 
pagation. Then outside nature furnishes the route of the poison from the first sick 
person ta its new sphere of activity. 

Some, especially Pettenkofer, will not accept the idea of contagio-miasmatic 
diseases. Many of the diseases in question are by P. included among the transport¬ 
able miasmatic diseases, especially cholera, typhoid fever, yellow fever. These have 
their seat not in the human body, as e.g. syphilis and small-pox, but in the same local¬ 
ities ; they are not a production of the body, but of a certain locality, etc. ; their 
poison is taken up from their localities like the poison of malaria. The spread of 
cholera in Bavaria, Thiiringen, Saxony, etc., shows, according to P., that the epi¬ 
demically affected places of a country are not connected bylines of commerce, but by 
drainage and character of the soil. NoTT has lately shown the same of yellow fever. 

According to Pkttenkofeu (Z. f. Biol., 1872, VIII., p. 492), small-pox is a much 
more contagio-miasmatic disease than cholera, etc. ; its varying frequency can¬ 
not be explained merely by the contagium always present, and the change in the 
individual disposition of the population. The infectious material may be propagated 
and increase also outside of the organism, in the substrata of the surrounding soil, 
i. e ., miasmatically. P. appeals for confirmation especially to the researches of 
Maci’iieuson (Cholera in its Home. German by Velten, 1867). M. found, that in 
small-pox in Calcutta, in twenty-nine November months fewest (182) died; in the 
March months most (4,934), that, besides, the difference in the yearly frequency was 
almost one hundred times greater in small-pox than in cholera. 

Pettenkofek’s views with respect to typhoid fever are opposed by BTERMER ( Ueb. 
Entst. u. Vrbreit. d. Abdominaltyphus. Volkm. , Klin. Vortr ., 1873, No. 53). Typhoid 
fever according to B., is contagious, and is transmissible through the sick and their 
linen smeared by their dejections. It is regenerated in the intestinal canal and spread 
through those affected, or multiplies in the soil, in latrines, etc., and spreads thence 
through the air, or drinking-water. 

Laymen, and even many physicians, still further extend the conception of infec¬ 
tion. Besides contagious, miasmatic and miasmatic-contagious diseases, they here 
include : 1. Many diseases which not infrequently attack several members of a 
family, at a more or less fixed period of their lives, and iu whom an inheritance cer¬ 
tainly or probably exists : tuberculosis, scrofulosis, cancer, gout, rheumatism, hys¬ 
teria, affections of the mind, etc. 2. Many diseases or appearances of disease, which 
arise from a kind of imitation, especially in children and women : gaping, coughing, 
(whooping-cough ?), convulsions, etc. 3. The so-called parasites, animal and vege¬ 
table. 4. The zoonoses, so-called (madness, hydrophobia — gangrene of the spleen, 
and carbuncles, anthrax and malignant pustule — glanders and farcy, malleus humid us 
et fareiminosus), in which there is a transference between individuals of different 
species, and for the most part from animals to man. 5. The so-called purulent-con¬ 
tagious diseases, i.e. those contagious affections in which pus is the bearer of the 
contagium, which adheres only to certain organs, and always gives rise to onlj r local 
difficulties (gonorrhoea, ophthalmia of the new-born, Egyptian ophthalmia). 

Bouciiut ( Wien. Wochenschr. , 1861, Nr. 43) and Remak (Med. Central-Ztg., 
1864, Nr. 87) add to the present number still a nervous contagium, which should 
explain the spread of certain diseases of the nervous system, e.g. chorea, hysteria, 
epilepsy, diseases of the mind. According to Vingtrinier, Tourdes, etc., a miasm 
similar to that of intermittent fever is the cause of endemic goitre, which miasm 
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Vest calls bronchin. It is distributed sometimes with the water of a region, some¬ 
times with the air, sometimes with both. 

The INFECTING agent, the specific poison, is not certainly known in any 
contagious or miasmatic disease. Various theories have been brought for¬ 
ward concerning the nature of this poison. Of these the so-called parasitic 
theory has found almost universal acceptance ; it is at least the most prob¬ 
able. But investigations carried on for the last ten years, are, in spite of 
all the declarations of observers, not yet so far removed from doubt, that 
the assumption of a so-called contagium anirnatum can be regarded as 
assured. Formerly, infectious diseases were regarded as the working of 
purely chemical gaseous products : so-called fermentation or zymotic diseases. 
Many phenomena, especially contagion, ai-e explained much more simply by 
the parasitic theory than by a chemical theory. Therefore gaseous sub¬ 
stances may yet always be influential as auxiliary causes of infection. 
Thus e.g. sewer-gases, contaminated well-water, etc. 

On the other hand, in a few especially contagious affections, the bearers, 
vehicles, of the contagium are known. In syphilis it lies in the pus of the 
ulcers; in small-pox in the serous fluid, which is found in the vesicles 
before the development of pustules; in measles probably in the tears, in 
the secretion of the air-passages and in the serous contents of little vesicles, 
etc. These fluids, e.g ., have been inoculated, i.e. introduced under the 
skin of healthy men and animals near the bloodvessels ; thereafter the 
same local and general symptoms have appeared in the same succession, and 
with tolerable regularity, as in the one from whom the virus had been 
taken. The vehicles of the miasmatic diseases are not at all known ; those 
of the miasmatic-contagious affections only partially. Of cholera, typhoid 
fever, and dysentery, the dejections, and consequently the linen, bedding, 
night-vessels, syringes, etc., may be the bearers of the contagium. The 
same is time of diphtheria. Here the deposits on the mucous membrane of 
the palate and throat are infectious. 

Syphilitic pus, the tears of those sick with measles, etc., have been ex¬ 
amined in every way, chemically and microscopically, and no difference has 
been found to exist between syphilitic pus and non-syphilitic pus, which, 
inoculated, communicates no infection, etc. These’ substances have been 
exposed to heat and cold, and have been treated with corrosive sublimate, 
chlorine, alkalies, etc. : their power to infect ceases when the organic ma¬ 
terials have been destroyed. 

According to Ciiauveatj (Compt. rend. 1S71, LXXIII., No. 2) the poisonous sub¬ 
stance in contagious liquids is not dissolved, but, as also in the air, is suspended in 
form of small particles. 

The mode of origin of contagions is unknown, and probably differs in 
different cases. Of many contagions it has been assumed that they 
have only once been generated, and afterwards have been propagated from 
individual to individual, or that in very rare instances they had been gen¬ 
erated anew : so-called permanent contagions, contagia commitnicativa , e. g. 
small-pox, syphilis, measles, cholera. Of others many believe that they 
always arise anew (scarlet fever, and exanthematous typhus, and typhoid 
fever), but then spread epi- or endemically. This assumption is, however, 
not necessary to the explanation of the phenomena. The mode of origin of 
miasmata is likewise little known. 

Contagions have a certain duration, as well as the ability to act near by 
and at greater distances. The duration of the material of infection has 
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been denoted by the term tenacity, in so far as it adheres for a length of 
time to its bearers. Lymph from cow-pox can be kept in a dried state for 
a year and longer without losing its power to infect when inoculated. This 
tenacity appears to be longer preserved by the receiver being kept from the 
air. In exanthematous typhus it has been observed that in rooms in which 
those affected with the disease had lain, and which had stood empty for 
more than seven months, the next occupants were affected with the same 
disease. The same has been observed of cholera. 

With respect to the manner of propagation, contagions are distinguished 
as fixed and transient ( contagia Jixa vel per contactum, and contagia hali- 
tuosa vel febrilia). In the former are those substances which are the media 
of infection, the so-called vehicles of contagion, fluid or more or less solid 
(pus, etc.); in the latter, gaseous bodies (expired air, perspiratory vapors). 
The former act only by immediate contact or by inoculation of the peculiar 
product of disease; the latter, directly or indirectly, at a greater or less 
distance. 

Fixed contagions are found, especially in syphilis, which become con¬ 
tagious only by the most immediate contact with the similarly sick; in the 
same manner, also, by inoculation with syphilitic pus,—in both cases only 
by wounding the skin or mucous membranes. The contagions of measles, 
scarlet fever, small-pox, whooping-cough, cholera, and of exanthematous 
typhus, are transient. 

In what concentration of the contagion, and at what distance infection follows, is 
questionable. Usually a short stay in the sick-room is sufficient; or even in the 
adjoining rooms, in measles, small-pox, probably typhus fever, and cholera. In 
other diseases sometimes only a short stay in the sick-room is necessary for infec¬ 
tion, sometimes the latter results only after longer contact with the sick (exanthemat¬ 
ous and abdominal typhus, by which physicians and nurses especiallj - are attacked). 

A mother can convey an infectious disease, e.g. variola, to the foetus she bears, 
without being affected by the disease herself. 

With respect to diphtheria there are many mysterious circumstances. According 
to Baktels (I). Arch. f. klin. Med., 1867, i. p. 367), its spread does not result like 
that of the acute exanthemata from the transmission of a contagion from person to 
person, or it is at the least in this manner wholly exceptional. In hospital B. has 
never seen an instance in which the contagion had been communicated to an occu¬ 
pant of a neighboring bed or room. On the other hand, the most striking circum¬ 
stance is the persistence of the disease in localities, which likewise distinguishes it 
from the acute exanthemata. 

Doubtless in transient contagions a mediate infection is also possible, i.e. 
through substances which had been used by the sick (clothes, linen, beds, 
furs, etc.). 

In several of Panum's examples the contagion of measles had been conveyed from 
a distance in clothes which had been worn by people who were themselves not sus¬ 
ceptible of the contagion, once after traveling a distance of four miles in an open 
boat in stormy and rainy weather. The same has been observed in small-pox, 
cholera, typhoid fever, scarlatina. Cholera and typhoid fever are more surely infec¬ 
tious if their dejections have been for a long time exposed to the air. dried in the linen, 
etc.: hence the frequency of sickness of washerwomen, etc. This is of importance, 
on the one hand, because the physician can become the means of transmitting the 
infection; on the other hand, with respect to measures in general for protection. It 
has also been justly asserted that puerperal fever can be transmitted to a lying-in 
woman from one suffering from that disease, by healthy persons (midwives and 
physicians). 

Individual contagious diseases (e.g. the common chicken-pox) have a fixed and 
transient contagion. The iuoculability of measles (Home, Spekanza, Catona, 
Mayk), and of scarlet fever (G-. Simon) has not yet been certainly demonstrated. 
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The reception of contagions takes place, according as they are fixed or 
transient, either through the skin and adjacent mucous membranes, or 
through the lungs. 

Infection takes place through the skin and mucous membranes in syphilis, cow- 
pox and small-pox ; in the former, accidentally or by experiment; in the second, 
purposely by inoculation; in the third in the same manner, although now no longer 
practised. Whether an accidental or experimental wound of the skin, and especially 
of the mucous membrane, is in all cases necessary, is questionable in syphilis and 
cow-pox, but very probable. Infection takes place through the lungs, perhaps also 
through other mucous membranes and the skin, in measles, scarlet fever, small-pox, 
whooping-cough, cholera, typhoid fever; the exhalations being direct from the sick, 
as well as mediate from the clothes, etc. 

Many contagions are probably received at one time by the organs of respiration, at 
another time by those of digestion (drinking-water); e.g. that of typhoid fever. 

Kuchenmeistek kept a sheep for an hour in a sack with a shirt which a person 
sick with small-pox had worn, the pock being then in the stage of umbilicated vesicle. 
The sheep lost its desire for food, etc., on the fifth day, and on the eighth day there 
appeared a well-marked eruption on the inner surface of the upper part of the thigh. 

Concerning meat and milk as bearers of the infectious matter of tuberculosis, vide 
infra. 

Concerning milk as a vehicle of the infectious matter of typhoid fever, consult 
Ballard (On a Local Outbreak of Typhoid Fecer in Islington , traced to the Use of 
Impure Milk. London, 1871). 

While with respect to contagions it is assumed that they act by means of 
an exceedingly small quantity of infectious material, a certain quantity of 
it is held to be necessary in miasmatic-contagious and purely miasmatic 
diseases, and it is believed that the latter are dependent upon the quantity of 
this material. On this account miasmatic-contagious and miasmatic diseases 
spread, especially when the miasm accumulates in the so-called foci of infec¬ 
tion, e.g. by crowding the sick in close., badly-ventilated localities, by 
privies, etc. 

These considerations are of importance with respect to quarantine, which in con¬ 
tagious diseases {e.g. measles, small-pox, also yellow fever and cholera) is of the 
highest service, indeed often furnishes absolute security, but, on the contrary, in 
miasmatic diseases is injurious. 

In what stage of contagious disease the contagion is generated, i.e. when 
the infection has reached its greatest power, is only imperfectly known; in 
the acute exanthemata before and during the eruptive stage, in typhoid 
fever and cholera probably during the period of profuse diarrhoea. 

In measles, infection reaches its greatest power during the eruptive stage and the 
stage of efflorescence, while during the period of incubation and during the prodromal 
stage and that of desquamation, especially the former, the disease cannot spread. In 
cow-pox the lymph is most active from the sixth to the ninth day. The duration of 
activity is much longer with proper preservation. Small-pox and syphilis are infec¬ 
tious as long as pus is secreted in their pustules or ulcers. In what stages of the 
miasmatic-contagious diseases infection is most powerful, is not yet known ; in indi¬ 
vidual diseases, probably during the period of active diarrhoea or of diarrhoea gener¬ 
ally (cholera, dysentery, typhoid fever). With respect to cholera, it is certain that 
not merely those sick with cholera, but those suffering from a choleraic diarrhoea 
and not prevented thereby from going about, traveling, etc., can protract the disease. 
They do not need even later to have cholera proper, while those infected may 
become sick with the fully-formed disease. Especially is this shown where, without 
the least intercourse with the sick, they have taken cholera who had handled and 
washed linen smeared with choleraic dejections; and where a person afflicted with 
choleraic diarrhoea leaves cholera in the house in which he had passed the night, or a 
much shorter time. (Tettenkofer). 
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In most cases of contagious or miasmatic disease the specific poison does 
not suffice to bring forth the disease, but there must be causes to assist the 
poison in reaching its development and full effect. In individual contagious 
diseases these auxiliary causes may be wanting, e.g. in measles and syphilis. 
In others, on the contrary, they are essential: as in cholei-a and yellow 
fever. These auxiliary causes are partly local {e.g. the soil, fluctuations 
in the ground-water, various relations of privies); they are partly depend¬ 
ent on the season of the year (quantity of atmospheric precipitation). 

Griesinger first distinguished in cholera the specific causes, capable of spreading 
from one place to another, the cholera poison, and the auxiliary causes, i.e. those 
forces which promote and advance the operation of the poison. Consult also the 
remarks below respecting epidemics. 

Contagious, miasmatic, and miasmatic-contagious diseases exhibit a num¬ 
ber of modifications, which with equal clearness and independence do not 
belong to other and non-infectious diseases. These modifications relate to 
greater or lesser epidemic or endemic propagation, to the intensity and 
severity of individual cases of disease (mild or malignant measles, scarlet 
fever, and diphtheria; abortive typhoid fever, light and severe forms of 
exanthematous typhus and typhoid fever), to a sort of exclusion, or in¬ 
versely, to alternating occurrence, etc. They are especially found in all 
imperfectly developed infectious diseases, the abortive cases, so-called. 
These modifications are most prominent in small-pox {variola vera and 
varioloid ), in scarlet fever, diphtheria, and typhoid fever. 


Varicella, regarded by some, especially Hebra, as a modification of variola, is de¬ 
termined to be an independent disease (Thomas, Vetter). Analogous condi¬ 
tions probably occur also between diphtheria and many like affections of the throat. 


In every case an especial individual disposition is necessary for the 
breaking out of the disease. This disposition, for many diseases, e.g. measles 
and small-pox, is a general one. Individuals are rarely found who, in spite 
of contact with the contagion, remain exempt, without a reason for it. In 
other affections the disposition is, from as unknown causes, much less, as 
in cholera, typhoid fever, scarlet fever. 

It is not yet determined whether certain kinds of employment do not 
grant immunity from many diseases. Statistics relative to this point are 
to be received with great caution, since immunity often depends upon quite 
other circumstances than the want of a specific individual disposition. 

Healthy and strong people are attacked more often by infectious diseases 
than the weak, sickly, and convalescent (with the exception of exanthemat¬ 
ous typhus). It is not to be concluded from this that weakly and sickly 
persons do not die more easily when they are once taken sick. In other 
diseases the difference is not perceptible, or the inverse appears. With 
respect to age, more often the first year of life and partly the oldest age are 
more or less exempt from infection, while in these years also typhus fever 
and syphilis readily occur. 

Typhoid fever is seldom found in very young and very old individuals, most often 
between the fifteenth and thirtieth year. Scarlet fever is almost confined to child¬ 
hood ; it at times attacks young adults, rarely older persons. The same holds true 
of diphtheria. True varicella occurs, as it seems, only in children, cliieliy young 
children; in older children the disposition to it appears to have been lost. 
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A single attack of the disease, in many contagions, affords almost com¬ 
plete security from another attack: small-pox, measles, scarlet fever, 
whooping-cough, yellow fever, perhaps also syphilis. In frequent epidemics 
of these diseases, only those of the population become affected whose birth 
dates after the occurrence of the last epidemic ; in the remainder, the dis¬ 
position has been eradicated by a previous attack of the disease. It is so 
especially in measles. 

According to PANUM, of the 6.000 sick with measles in the Faroe Islands, not a 
person was attacked a second time. Ninety-eight old people who had had measles in 
their youth, remained exempt. In the epidemic of yellow fever at Gibraltar, in 
1828, of the 9,000 sick there was not a well-authenticated case of second attack. 
Only in recurrent fever, two or more attacks not infrequently occurs. In scarlet 
fever and small-pox this likewise occurs but rarely. 

Two similar, or different forms of contagion may appear at the same time 
in one and the same individual: cow-pox and measles, scarlet fever and 
measles, typhoid fever and cholera, chicken-pox and scarlet fever, typhoid 
fever and malaria, measles and malaria, variola vera and cow-pox. The 
susceptibility to a contagion is destroyed by inoculation with a modification 
of the same contagion : small-pox, syphilis. 

The event of infection is vei'y seldom accompanied by special sub¬ 
jective or objective symptoms. In individual severe attacks, many have 
observed in themselves vertigo, loss of strength, chills, nausea. 

Between the time of infection and the first outbreak of the disease 
proper, is a stage in which, in most cases, the attacked act like healthy per¬ 
sons and feel well—in rare cases, symptoms of general prostration appear : 
the stage of latency, or of incubation. The duration of this stage 
varies in different diseases ; besides, in a few only, is it exactly known. The 
knowledge of this period is of great practical importance. 

In measles the duration of incubation is usually from 9 to 11 days, seldom longer, to 
the beginning of the typical fever. According to B arensprung ( Annalen (Ur Charite, 
1860, IX., p. 103). small-pox has the same period of incubation. The incubative 
period of yellow fever may be only of one day’s duration, or it may extend to several 
days, or even to three weeks. That the period of incubation of cholera lasts at least 
one week, is shown when sailors have first become sick with cholera seven days after 
leaving sea-port towns in which cholera was present. Usually, however, it lasts 
longer, for the most part two. even three weeks, and longer. (Consult Petten- 
kofer, Veber Cholera auf Schiffen unci den Zweck dev Quarantainen. D. Vtljschr. 
f. off. Gesundheitspflege , 1872, IV., p. 1.) The period of incubation of typhus fever 
lasts about eight days. According to some observations of Bartels and others, the 
incubative period of diphtheria (or croup) occupies three days—at least in cases aris¬ 
ing exceptionally through contagion. In syphilis, where the cases are those of soft 
chancre, there is probably no incubation ; but in cases of hard chancre there is a 
probable incubation of 28 days (Barensprung, etc.). 

The period of incubation is, furthermore, different, according to the way by which 
the poison enters the body: thus in vaccina and variola; perhaps also in typhoid 
fever. 

The inoculation of certain contagious diseases deserves special mention. 
It is natui'ally only possible in those which have a fixed material of infec¬ 
tion (measles, small-pox, diphtheria, syphilis, plague). It is not only the¬ 
oretically, bnt also practically of the greatest importance. 

Inoculation against small-pox, as is known, has been employed since the time of 
Jenner only as a means of individual protection. It is nowadays no longer done by 
transporting the contents of the pustules of variola vera , but always by using the 
lymph of vaccina , or cow-pox. 
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Whether by the general introduction and legally ordered cow-pox inoculation, 
other contagions, as syphilis, can also be communicated with it, a question proposed 
by a general board of health has called forth various opinions. Vieknois (Arch. gen. 
de med. 1800, June, July, September) reached the following conclusions: If a person 
be vaccinated with clean, pure vaccine matter unmixed with blood, from a syphilitic 
person, nothing but cow-pox results, without earlier or later syphilitic complication. 
If, on the contrary, in the act of vaccinating a healthy individual with vaccine mat¬ 
ter from a syphilitic person, whether constitutional symptoms be present or not, the 
point of the lancet becomes spotted with blood, then both diseases can be transmit¬ 
ted : vaccina with the vaccine matter, and syphilis with the syphilitic blood. In 
these cases vaccina is developed first, because it has a shorter stage of incubation 
and a quicker development; the latter appears later, and reveals itself at the point 
of vaccination. An ulcer appears here with hard borders and manifold glandular 
swellings. , 

During the last ten years many striking examples have occurred of transmission of 
syphilis by vaccination. In Rivalta in Sardinia, within six weeks, of sixty-three 
children vaccinated forty-six became syphilitic through the use of impure lymph 
( Gaz. med. dial. , 4 Nov., 1861). A similar thing happened in Hungary (Glatter in 
(Estr. Ztschr. f. prakt. Heilk., 1862, Nr. 4) : the grandmother of a child, from whom 
the others were vaccinated, a midwife, was syphilitic. In the children which were 
vaccinated the cow-pox passed into phagedenic ulcers, followed by the appearance 
of condylomata around the anus and by aifections of the mouth. Farther on, the 
mothers, and finally the fathers, became syphilitic, so that two years later, in a 
region numbering 650 inhabitants, seventy-two were syphilitic. 

Experimentation by inoculation with the blood or secretions, especially the dejecta, 
of those sick with cholera, has as yet furnished no decided results. On the other hand, 
it appears certain that animals which had eaten the excreta of cholera, not infre¬ 
quently, on that account, sickened and died (Lindsay, Thieksch, J. Meyer). 

The same theoretical and, in part, practical importance has of late attached itself to 
inoculation also in syphilis. With reference to the former, the two syphilitic poisons 
have been used: inoculation with the secretion of a hard chancre succeeds only 
in healthy individuals, not in those who already have a hard chancre or secondary 
syphilis, and gives rise to pustules, and subsequent secondary syphilis ; on the other 
hand, inoculation of the secretion of soft chancre succeeds also in individuals with hard 
chancres or with secondary syphilis : it gives rise to only local symptoms, at the most 
to inflammation of the lymphatic glands, never to secondary syphilis. In soft chan¬ 
cre the incubation period is very short, in the hard variety its duration is about one 
month. This similarity between vaccine and soft chancre on the one hand, and 
between variola and hard chancre on the other, as well as many other relations not 
here discussed, affords a reason for the inoculation of syphilis, not merely on theoret¬ 
ical and diagnostic grounds, but also for the purpose of cure : either to cure only, or, 
indeed, for the purpose of preservative or preventive syphilization (Auzias-Turenne, 
Marciial de CalVI, Sperino, Coeck). The former was tried only with the syph¬ 
ilitic, while the latter should be extended to all men to prevent primary and secon¬ 
dary syphilis. 

Bretonneau, Herpin, and others include diphtheria also among the inoculable 
diseases. And yet the practice of inoculation would be of no value, since diphtheria 
can attack the same individual several times, and since inoculation does not ensure 
a mild grade of the disease. 

In measles and scarlet fever inoculation has, until now, been undertaken only for 
theoretical, not for practical reasons. The inoculated disease was much lighter than 
that occurring in the usual manner. 


The special symptomatology of infectious diseases belongs to special pa¬ 
thology. In general the symptoms begin in contagious diseases, sometimes 
at the point of reception of the contagium (pain, redness, exudation), some¬ 
times as a general sickness. All diseases of this class are accompanied 
partly by high fever, partly by affections of definite tissues and organs, 
especially of the skin and mucous membranes (contagious diseases), as well 
as of glandular organs, and copious evacuations, or by both. The 
course also of most febrile contagious and miasmatic diseases is much 
more regular than in other diseases ; in all acute febrile infectious diseases 
it is stamped with a cyclical chai’acter. 
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"With, respect to contagions and miasms, their geographical distribution, 
as well as the influence which social relations exert upon their occurrence, 
are of great importance. All these circumstances are important, because 
they furnish information concerning the possible nature and cause of origin, 
especially of miasmatic and miasmatic-contagious diseases. 

Acute contagious diseases are, as it seems, spread over the whole earth, and inde¬ 
pendent^ of circumstances of race, climate, soil, etc. The geographical distribution of 
small-pox is essentially dependent upon the extent to which vaccination is practised. 
Diphtheria more often occurs in damp and swampy localities. Many miasmatic- 
contagious diseases, e.g. yellow fever, cholera, typhoid fever, are more or less depen¬ 
dent upon the circumstances already alluded to. Thus, e.g. cholera, also typhoid 
fever, arise upon a . porous (alluvial) soil, and apparent exceptions are explained by 
the fact that the rocky substance of a locality is not compact, or is covered by a sur¬ 
face of porous soil. Cholera, spreads preferably along the banks of rivers ; yellow 
fever, only on the coasts or banks of great navigable streams. Miasmatic malarial 
fevers predominate on plains, their intensity and propagation being proportionate to 
the moisture of the soil and its readiness to dry, also to its varying moisture. 

The influence of the temperature of tiie air upon contagions, and especially 
upon miasmatic and miasmatic-contagious diseases, is of great importance. Thus, 
amongst us, malarial fever appears in the spring and early summer; typhus and 
typhoid, in late summer and autumn; cholera, particularly in summer. The influ¬ 
ence of the seasons corresponds in part with the temperature, and yet in the estimate 
the moisture of the soil and of the air are of the greatest consequence. Thus 
especially in cholera, typhoid fever, and intermittent fever. 

Race and nationality have a decided influence on certain miasmatic-contagious 
diseases. Especial!}' noteworthy is the almost complete immunity of the negro, and, 
in a less degree, of the mulatto from yellow fever. This immunity is in part certainly 
dependent upon acclimation, since a long residence in cold regions makes the negro 
also susceptible to the disease. 

The influence OF acclimation upon the miasmatic-contagious diseases is 
shown in high degree in yellow fever. This disease occurs, in those regions where 
it prevails endemically, almost exclusively among those of short residence or the 
unacclimated; while, on the other hand, the natives are almost entirely exempt. 
In influenza a complete exemption has often been observed in the unacclimated. 
The opposite has been observed in cholera, e.g. in Calcutta. 

The influence of social relations on contagious diseases is small—if that pro¬ 
tection is excluded which the wealthy can provide themselves with by a change of 
residence, or by complete isolation from the localities of the epidemic, by vaccination 
in small-pox, and by the various measures employed against syphilis. That influ¬ 
ence, however, is, in most miasmatic-contagious diseases, an altogether superior one. 
Also if the susceptibility to these diseases is, on the whole, a general one, then are 
individuals in unfavorable circumstances, etc., especially concerned. Thus yellow 
fever prevails almost exclusively in places with a crowded population, especially in 
populous cities, while the country people and even those of the immediate neighbor ¬ 
hood of the cities are exempt. It occurs especially in dirty, badly-ventilated, damp, 
narrow streets, and which are covered with animal excreta, with high houses, and 
densely inhabited with a poor population. Or, here it spreads farther, is more malig¬ 
nant, and remains longer. Cholera attacks preferably the poor, needy, and strug¬ 
gling part of the population, the wealthy classes participating to a proportionately 
small extent, except in the severest epidemics. Typhus fever has so increased among 
the Irish people that all sanitary measures have until now been insufficient to exter¬ 
minate it, or to prevent its developing increasing force, so that it clings to the Irish 
emigrant as a curse, and follows him everywhere, wherever he takes with him the 
habitual evils of the life of the lower classes of his home. Social evils (war, 
failure of crops, famine) are in typhus and typhoid fevers, especially the former, of 
great influence. Especially is this true of Ireland, where typhus fever regularly 
appears after failure of the crops. Thence it extends into the English and 
Scottish cities, where the lodging houses of the Irish and their dirty huts are 
crowded together, in which the disease never dies out, and from which, under 
favorable circumstances, it radiates to a variable extent into the neighboring locali¬ 
ties. A similar state of affairs is found in Italy, in Poland, and Upper Silesia, in the 
Baltic provinces of Russia, and in certain districts of North-west Germany. * The same 


* Typhus fever has occurred in the principal cities of the United States (especially 
along the seaboard) at various times during the past forty years.—E d.] 
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social conditions were found in the small epidemics in Berlin, Halle, Leipzig, etc. ; 
among the troops of the western powers during the Crimean war; and in isolated 
localities, as prisons, hospitals, institutions for the poor, etc. Typhoid fever also is 
observed especially often in damp, narrow, dirty streets and houses, in an atmosphere 
rendered pestiferous by all kinds of effluvia, in over-populated, old, half-fallen dwell¬ 
ings; occurring sporadically and epidemically. It occurs decidedly more often in 
large, over-populous cities than in the level country. It concerns in a special manner 
the immigrant after a few months 1 residence : the so-called acclimation fever. 
During the last ten years several instances have been communicated where it has 
attacked whole streets or portions of a city, etc., in consequence of the water supply 
rendered impure by infectious filth. Social evils have had the same essential influ¬ 
ence on the Oriental plague. 


An important peculiarity of contagious and miasmatic diseases consists 
in this, that many appear almost entirely in a sporadic manner, while others 
are at the same time and essentially epidemic and endemic. Those diseases 
are called spohadic which attack individuals independently of time and 
place. On the other hand, those diseases are called epidemic which attack 
a number of persons at the same time, i.e. on the same day, within the 
same week or month, and in the same manner. If the pestilence spread 
over a whole country, or, at the same time, through a whole population, it 
is called pandemic. If, finally, the same disease be often repeated in one 
locality, it is called endemic. 

The essential cause of epidemic diseases is partly unknown ( e.g. conta¬ 
gions and miasms) and partly known. But we must not claim that in 
every epidemic its essential causal condition can be with certainty estab¬ 
lished. 

The cause, for example, is known of the epidemics of trichinosis which 
have lately excited so much investigation; which cause, as far as its spread 
has been observed to occur in a certain locality, has been termed endemic. 
More or less known also is the cause, by cold, etc., of rheumatism, pneu¬ 
monia, erysipelas, whose appearance is rightly called epidemic when they 
affect a large number. The cause of many epidemics of typhoid fever is 
likewise known. 

Every epidemic shows a period of increase, of full development or height, 
and of abatement. In most cases the increase is rapid, the height is soon 
reached, while the stage of abatement is somewhat prolonged. After its 
departure the disease leaves no traces, not infrequently disappearing entirely 
for many years, until isolated cases suddenly announce the beginning again 
of a new epidemic ; or, during the pause it may exist in single, unconnected 
cases, sporadically. The former way is that of cholera, usually measles also ; 
the latter, that of scarlet fever, especially in large communities, as well as 
of small-pox. 

The duration of epidemics proper varies greatly, usually not less than 
from two to three months, and seldom exceeding a half year. In those dis¬ 
eases which are at the same time endemic, the duration is longer and their 
return frequent and almost regular yearly. In general, the duration of epi¬ 
demics is longer in lai’ge communities than in smaller localities, because of 
the numerous points of contact of the cause of the disease with individuals 
capable of infection. This applies to miasmatic affections, so-called, but in 
an especial manner to those of a contagious nature. The duration is short 
in epidemics, e.g. of measles and cholera, longer in scarlet fever, small-pox, 
and typhoid fever. 

The greater number of epidemic diseases are constitutional; only a few 
are local troubles. Among the former are found, e.g., all infectious dis- 
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eases, as typhoid fever, cholera, acute exanthemata, malarious diseases. 
Fever is present in most affections which appear epidemically. 

The spread of an epidemic takes place in several ways, according as the 
disease is contagious, or is not contagious. In the first instance there are, 
often under the influence of local circumstances, numerous single, more or 
less considerable foci of contagion from which the disease again takes its 
departure. Thus are distinguished the epidemics of streets, houses and 
rooms. The disease prevails sometimes toward the end of an epidemic in 
a part of a locality altogether different from that in which it began. In 
the second instance, the individual cases are scattered about in the affected 
population without such order. 

An epidemic exists in one community only, or in a few neighboring com¬ 
munities, but in its greater extension, over a whole land, it is called a pan¬ 
demic. Pandemic extension is often seen in cholera, malarious diseases, 
sometimes in typhous diseases, diphtheria. A pandemic is always made up 
of numerous separate, large and not contemporaneous epidemics; its duration, 
thei-efore, is various, but is for the most part very long, often extending 
over many years. 

The immediate cause of the epidemic spread of many diseases is al¬ 
most wholly unknown. A few arise in abnormal circumstances of the 
weather, e.g. bronchitis and pneumonia in seasons with frequent raw winds, 
troubles of the digestive organs during great heat. In the general exten¬ 
sion of the influences which cause sickness can be found the cause of 
numerous cases of disease. Again, an altogether similar weather may 
exist at other times, and yet diseases of that kind do not appear in 
greater number. There must also be something present which is essentially 
concerned in the origin of the affection. Other diseases, e.g. measles, gener¬ 
ally attack only once, the individual permeated by the contagion being free. 
In great extensions of epidemics of measles, there remain, after the de¬ 
parture of the disease, only a few individuals who have not been exposed to 
the cause of measles. The number of these increases in the following years 
by means of births, and thus there is at last an abundant material for a 
new epidemic. Why it appears at one time, and not a few months or a half 
year earlier or later, it is impossible to say. Still mote remarkable is the 
growth into an epidemic of other diseases, e.g. cholera. Here the germ 
has often been conveyed into a healthy population for months without 
especial consequences, until suddenly the epidemic breaks out and runs its 
usual course, while in other localities it immediately follows the first case. 

From such observations it follows that not only the causes of disease and 
the individuals to be affected are necessary to the rise of an epidemic, but 
also that there are necessarily other and auxiliary causes. These latter 
partly influence the causes of disease, partly the individuals, partly, and 
at the same time, both. The former appear to increase and spread by the 
agency of auxiliary causes, while in individuals a change of the constitu¬ 
tion hitherto unknown precedes, in consequence of which operation of the 
cause of the disease is possible. Such an assisting cause we rightly assume 
to exist, for example, in the water from the soil for typhoid fever. 

For the development of an epidemic of cholera there must be, according to Pet- 
ten kofer : 1. An inhabited soil permeable to water and air to the depth of the 
underground-water. 2. A fluctuation in the moisture of this stratum, which, in the 
alluvium, corresponds to the varying state of the underground-water, during which 
the time of the falling from an unusual height marks the time of danger. 3. 
The presence of organic matters, especially those having their origin in excrement, 
which matters have been diffused in the stratum of the soil susceptible of it. 4. The 
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specific germ propagated by human intercourse, the specific cause of cholera, the 
chief bearer of which is the intestinal excrement of those sick with choleraic diarrhoea 
and possibly also of the healthy who come from localities infected by cholera. 
5. A disposition of individuals to become sick with cholera. This view of 
Pettenkofer's has recently found many opponents (Biermer, Sander, and 
others). 

Buiie has shown that at Munich a sinking of the soil water i3 attended with an in¬ 
crease in the number of those sick with typhoid fever ; its rise, with a diminution 
in the number of those cases. This he explains in this way : by the sinking of the 
soil-water the strata of the ground apt for the generation of the immediate cause of 
the fever comes in contact with the air of the surface, through which air the inhabi¬ 
tants of the city are brought in contact with those causes, while by the rise of the 
soil-water the contrary takes place. Virchow has shown the same for Berlin with 
respect to typhoid fever. 

Typhus fever, recurrent fever, cholera, are, furthermore, diseases especially 
affecting the poor, while measles and scarlet fever affect equally the rich and 
the poor. Hence it appears that peculiarities may be generated within the 
body through favorable and unfavorable external circumstances, which are 
essentially concerned in the question of origin of sporadic, and especially 
also of epidemic diseases. 

As little is known concerning the origin of epidemics, so also do we 
know little concerning the causes of the considerable fluctuations during 
the climax and stage of decline, and of the causes of various degrees of 
intensity of the same disease in the course of a single year. It not infre¬ 
quently happens, that certain days exert an unfavorable influence by their 
extreme temperature and extreme fluctuations of temperature, or by other 
circumstances of the weather, e.g. violent rain-storms or thunder-storms, 
while altogether similar circumstances on other days are observed to be 
without influence, or are effective in an apparently opposite manner. With 
respect to this nothing certain has to the present time been offered. 
Similar relations with respect to the course in individual cases are, how¬ 
ever, also restricted, since other and more or less complicated forces always 
come into the account. Thus, e.g., the influence of the season of the year, 
the influence of a hypothetical qualitative difference (energy) of the spe¬ 
cific cause of disease, of the different constitutions of individuals, the in¬ 
fluence of certain prophylactic measures, etc. 

The extension of epidemics sometimes fluctuates in a yery considerable 
and apparently capricious manner. This is seen most strikingly in the 
various local epidemics of cholera. Measles sometimes appears in a very 
inconsiderable epidemic, to appear again after an unusually short interval 
so much the more violent. More explicable is the very variable intensity 
of epidemics of intermittent fever, which are here determined by the 
quantity of moisture in the soil. An explanation of the different intensi¬ 
ties is in any case to be found in the circumstance, that for the production 
of an epidemic, not only one but several assisting causes acting in the most 
various manner are necessary, that these exist at the same time, although 
not necessarily so. 

The mortality of epidemic diseases is as changing as their spread. In 
some epidemics all cases recover, in others the percentage of deaths is very 
considerable, and, too, without any definite perceptible cause for the differ¬ 
ence. Thus it is especially in scarlet fever. Some authors have attempted 
to explain this by assuming a double cause for the sickness, assuming a 
malignant and an innoxious form ; nevertheless, they have not yet been 
able to say why sometimes the one form prevails, and at other times the 
other form. Perhaps malignant epidemics are to be explained by the 
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simultaneous presence of unfavorable influences and specific material, which 
affect in an effective injurious manner those sick through the prevailing 
epidemic. Sometimes a marked spread and often also mortality in certain 
epidemic diseases (scarlet-fever, diphtheria, typhoid fever) are confined to 
single families. 

Usually they are the most severely sick, most frequently killed, who are 
attacked during the fii-st half of the epidemic ; later, there is an abatement 
of the intensity of the symptoms of the disease. And yet, indeed, very 
severe cases not infrequently appear, like stragglers of an epidemic. 

Many, or at least two, epidemics can prevail at the same time and pos¬ 
sess a tolerable intensity; thus, scarlet fever and measles, chiefly the 
acute exanthemata, cholera and typhoid fever, cholera and intermittent fever, 
whooping-cough and bronchitis. At other times, for unknown reasons, 
other epidemic or non-epidemic diseases disappear during the prevalence of 
a single specially extended epidemic, to reappear again after the departure 
of the epidemic. The tendency of a population to become sick seems in a 
certain measure to be destroyed by a great epidemic, for not infrequently 
after its departure there exists a good condition of health for a long time. 
It is true that in mui’derous epidemics (e.g. cholera) this may depend 
upon the fact that many sick persons have been swept away. 

As has already been intimated above, the prognosis of epidemics of one 
and the same disease may be very different. And not only temporarily can 
a considerable difference arise, but it is often found also in epidemics which 
ai’e contemporaneous, but affecting different localities. It has been 
observed, especially in measles, that the disease in larger places which have 
more frequent epidemics, runs a milder course than in smaller places, in 
which it appears less often. 

Pkopiiylaxis is of the greatest importance in epidemics. The aim of 
adopting public measures with respect) to this, is, on the one hand, to 
increase the ability of the people to resist injurious causes of disease; on 
the other hand, to destroy them and render them harmless. This end is 
reached by cleaning and ventilating places of abode and their surround¬ 
ings, by procuring good drinking-water, by supplying the poor with food 
and clothing, by disinfecting sick-rooms and the linen of the sick, by 
rendering innoxious the dejecta which are often the bearers of the causes of 
sickness, by removing the sick from their unfavorable dwellings into prop¬ 
erly managed public hospitals, by separating the healthy from the neigh¬ 
borhood of the foci of infection and by destroying such foci, etc. 

Endemics, under which form diseases partly acute and partly chronic 
appear, depend upon local peculiarities, which sometimes are the char¬ 
acter of the soil, sometimes local regulations and customs, sometimes they 
result from a certain abnormal quality of the food of the community. 
Finally, there are endemics which arise from no known causes. En¬ 
demic diseases appear partly sporadically, and sometimes sporadically and 
epidemically. The tendency to them in the affected localities can in any 
case be increased by anti-hygienic conditions. 

The soil can be the cause of an endemic by being the bearer of the cause of 
disease. Thus is it in many localities with typhoid fever in the fall, and in the 
various forms of malarial disease, cholera, plague, yellow fever. The latter, at first 
endemic in a more or less limited district, spread out later beyond their confines into 
extended epidemics. Cretinism, goitre, are most probably endemic through the nature 
of the soil; both stand in a relation to endemic intermittent fever. 

By means of anti-hygienic regulations, typhoid fever, tuberculosis, scrofula, as well 
as anaemia, chlorosis, rachitis, have almost become endemic diseases in nearly all great 
cities. 
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An abnormal condition of corn is the cause of Pellagra in Upper Italy. Many 
parasitic diseases become endemic in some localities on account of the abnormal con¬ 
dition of important articles of food, e.g. of certain kinds of meat. Contamination 
of drinking-water causes in many places, chieliy in those not accustomed to its use, 
endemic intestinal and gastric disorders, probably sometimes also typhoid fever, as 
well as infection with Bothryoeephalus and An/cylostomum. An abnormal quantity 
of its normal ingredients, e.g. lime, is said to be the cause of many affections in a 
community. 

From more or less unknown causes arise endemically, e.g. , in many localities and 
countries, diphtheritic affections, carcinosis, aneurisms, plica Polonica, and other 
affections. The formerly unknown causes of many endemics have lately been cleared 
up, as, e.g., the nature of a form of Juematuria observed in Africa, through the dis¬ 
covery of a parasite, the Distomum haematobium (p. 121). 

Oesterlen, Die Seuchen, Hire Unsachen , Gesetze und Bekampfung. 1873. 

Epidemic, endemic, annual constitution of disease, epidemic charac¬ 
ter of disease ; genius epidemicus: are expressions for the strikingly 
frequent appearance of similar diseases of a non-contagious or miasmatic 
nature, of diseases equally innocent and malignant, and for the striking 
succession of individual symptoms. Heretofore, with respect to this, 
nothing serviceable could be brought forward, because of the false views 
and classifications of diseases (inflammatory, rheumatic, gastric, bilious, 
nervous, anaemic, scorbutic-putrid, etc.) which were at the foundation of 
the older observations; in later times, however, these matters have unjustly 
received no attention. 

The following epidemic constitutions have been distinguished: 

a. The inflammatory epidemic prevails preferably during the prevalence of a 
low temperature, as in winter and during cold north winds, in dry atmosphere. It is 
characterized by inflammations, for the most part those of the lungs. 

b. The nervous epidemic constitution prevails during oppressive heats, scarcity of 
water, foul atmosphere, as for the most part in the summer, and is characterized by 
forms of disease which appear with important phenomena connected with the nervous 
system, and which are asthenic in character, etc. 

c. The anaemic epidemic characterizes diseases which make their appearance accom¬ 
panied by symptoms of anamiia. 

d. The gastric epidemic character is developed in those seasons of the year in 
which heat and moisture prevail together. It disposes to affections of the digestive 
apparatus ; further, under its influence arise typhous diseases. To the gastric is 
subordinated the bilious epidemic character of disease, which in very hot seasons of 
the year disposes to troubles of the hepatic system. 

e. The putrid epidemic constitution makes its appearance at such times and in 
those places where, during moderate heat, great quantities of organic substances 
putrefy, as has been observed after great battles. Diseases thus originating have the 
septic character. 

f. The catarrhal epidemic character occasions diseases of the mucous membranes, 
especially of those of the organs of respiration and of the digestive canal, and prevails 
at the time of changes of the weather, especially if cold alternate with warmth, as in 
the spring and autumn. It prevails also in moist cold weather. 

g. The rheumatic epidemic constitution, which arises from sudden changes of 
the temperature during prevailing winds, etc., disposes to those forms of disease 
which are designated by the one-term rheumatism. 

(According to Reich, Lehrb. d. AUgem. yEliol. , p. 287.) 
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PART THIRD. 


GENERAL PATHOLOGICAL ANATOMY AND 

PHYSIOLOGY. 


(Study of local disturbances of the circulation, and of nutrition.) 

I. LOCAL DISTURBANCES OF THE CIRCULATION. 

Wedemeyer, Unters ub. cl. Kreislauf des Blutes u. insbes. ub die Bcwegung dess, in 
den Artt. a. Hnargeff., 1828.— Williams, Reck, stir les causes du monv. du sang d. 
les miss. capill., 1835.— Dubois (d’Amiens) Preleqons de path, exper., 1841.— Grie- 
singer, Arch, f.phys. Heilk., 1842, I.— Bergmann, R. Wagner's Handw. d. Phy¬ 
siol., 1844, II., p. 211.— Ed. & E. H. Weber, Muller's Arch., 1874, p. 232, 
1851, p. 407.— Ludwig, Muller's Arch., 1847; OSstr. Jahrbb., 1863, XIX., p. 
35.— Volkmann, Die Hdmodynamik, 1850.— Berlin, Nederl. Lancet, 1850. —Don- 
ders, Nederl. Lane., 1850. V., p. 521; Ztschr. f rat. Med., 1853, III. —Stil¬ 
ling, Jen. Ann.. 1851, II., p. 179.— Virciiow, Dessen Arch.. 1851, III., p. 427, 
V., p. 281; Handb. d. spec. Path., 1854, I., p. 93. —Bernard, Compt.renel. de la soc. 
de Biol., 1852, III. ; G. r: de I'acad. d. sc., XXXIV. & LV., p. 228, 305 u. 381. 
Ecker, de cerebri et med. s/)in. syst. capill. in statu sano et morb., 1853. —Lieber- 
meister, De flaxu co'laterali. Gryph. 1856. —Kussmaul u. Tenner, Unters. ub. 
Ursprung u. Wesen der faUsuchtart. Zuckungen bei der Verblutung, soicie der Fdll- 
sucht uberh., 1857.— Brucke, Virch. Arch., 1857, XII., p. 81.— Korner, Prag. 
Vjrsch ., 1860, III.— Al. Schmidt. Arch. f. Anat. u. Physiol., 186.1, p. 545; 1862, p. 
428 a. 533. —v. Recklinghausen, Die Lymphgefdsse u. Here Bezieh. zurn Bindegewebe, 
1862; Virch Arch., XXVI., p. 172.— Goltz, Virch. Arch., 1864, XXIX., p. 394. 
O. Weber, Handb. d. ally. u. spec, chir., 1864, I., p. 27.— Stricker, Wiener Sitzgs- 
ber., 1865, LI., p. 16; LII., p. 379.—Ew. Hering, Wiener Ritzgsber., Nov., 1867; 
LVI., p. 691; LVII., p. 170.— Cohnheim, Virch. Arch., 1867, XL., p. 1; Unters. 
ub. d. embol. Proc., 1872 — Traube, Die Sympt. cl. Krkh. d. Respir. u. Gircul. ; App., 
1867; Ges. Beitr. z. Path. u. Phys., 1871. 

(Consult also the later works on Physiology, and the publications of the Physiological 
Institute at Leipzic, 1866-71.) 

[Burrows, Disorders of the Cerebral Circulation, Lond., 1845.— Paget, Lectures 
on Surgical Pathology, Lond., 1870.— Sanderson’s Handbook for the Laboratory, 
Phil., 1873.— Dalton’s and Flint’s Treatises on Human Physiology. — Vulpian, 
Lemons sur Vappareil mso-moteur, 1874-5. — Ed.] 

Local disturbances of the circulation concern the circulation of the 
blood and that of the lymph. In that which follows notice will be taken 
of some physiological considerations which have a general pathological in¬ 
terest. 

The motion of the blood is effected chiefly by the heart, its distribu¬ 
tion by the vessels. 

The heart is the most important factor of the blood circulation. The 
force of the heart’s impulse in mammals equals the pressure of a column of 
mercury 150 mm. high, and yet the physiological limits of this pressure allows 
of a considerable variation from this mean number. The pressure depend- 
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ent upon the heart’s impulse is variable, and diminishes with the increasing 
distance from the heart. A further increase of force for the blood is derived 
from the elastic and muscular elements of the walls of the arteries and 
veins. 

The arteries are always over-filled with blood. They seek, in conse¬ 
quence of their small but very perfect elasticity, to rid themselves of their 
contents by contraction, and thus by the continuous arrival of new blood 
from the heart they cause the regular and uninterrupted movement of the 
fluid through the capillaries into the veins. The smooth muscles found in 
the walls of the arteries, especially numerous in those of smaller size, are 
susceptible to mechanical, electrical, thermal, and chemical irritants. The 
small arteries thereupon contract slowly, strongly, and continuously, the 
contraction not continuing far upward or downward. A stronger contrac¬ 
tion of the arteries is followed by an increase of the resistance of the cir¬ 
culation. In general, in the independent power of the smaller arteries to 
contract, may be observed a condition for the moderation or regulation of 
the circulation. 

The blood-pressure in an artery increases: 1. With the filling of the 
vessels generally, as with the quantity of blood, and with the narrowing of 
the channel. 2. With the frequency and force of the heart’s contractions. 
The mean blood-pressure in the largest arteries in man is not accurately 
known. In the art. brachialis it amounts to about 115 mm.; in the aorta it 
has been estimated at 250 mm. (quicksilver); in the smaller arteries it 
diminishes constantly from the left ventricle to the capillaries. It is less 
in younger and weakly animals. In the pulmonic it is much less than in 
the systemic circulation; in the art. pulmonalis it amounts to 12-30 mm. 
The pressure of the blood is made to rise by muscular movements, and to 
sink by long fasting, loss of blood, etc. 

Every part of an artery further presents a periodical fluctuation in 
pressure : an elevation of pressure corresponding to the heart’s systole, and 
an abatement of pressure corresponding to the heart’s diastole—the so- 
called pulse. This fluctuation in pressure is greatest nearest the heart, 
least, or almost unnoticeable at the extremities of the arteries. Farther, an 
elevation takes place during expiration; a diminution during inspiration. 

According to Quincke (Berl. Min. Wschr ., 1868, No. 34), the arterial wave gener¬ 
ated from the left side of the heart does not disappear so generally as has been as¬ 
sumed until now in the small arteries. On the contrary, there are parts in which 
very often under normal, still more distinctly under pathological conditions, the pro¬ 
pagation of the pulse-wave can be observed to continue from the heart into the 
capillaries, and even through these into the veins: those parts are the finger-nails, 
the hand, the fore-arm, and the foot. In the nail the capillary pulse can be seen 
often even under normal conditions, still better in the anasmic, in the elevation of 
the hand, most distinctly in cases of insufficiency of the aortic valves. Most proba¬ 
bly also the brain exerts an active and independent influence on the arterial walls in 
the motion of the blood through the capillaries. This determines peristaltic, regular 
contraction of the arteries, (v. Bezold, Unters. aus d. phys. Labor, zu Wiirzb.. 
1867, 2, H. p. 347.) 

The veins are filled in a much less degree than the arteries. The difference 
in the filling of both kinds of vessels is to be felt through the skin in those 
which lie near the surface, to be seen in the vessels which have been laid 
bare, and is to be perceived, especially, from the various heights to which 
the blood-stream rises when spirting forth from vessels which have been 
cut. The veins have a layer of circular muscular fibres, which is strongly 
developed, especially in the low T er extremities; besides, there exists a layer 
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of longitudinal smooth muscle fibres, especially in the adventitia of the 
large veins of the abdomen. The action of these muscles effects a shorten¬ 
ing of the vessels, their relaxation is followed by the vessels’ elongation. 
In the brain the muscular portion of the veins is extremely little developed, 
or is entirely wanting. The elasticity of the walls of the veins is much 
less than that of the arteries; the elastic elements in the veins are also 
arranged preponderatingly in the direction of the length of the vessels, so 
that especially the veins of the internal parts of the body are in their 
diameter unusually dependent on the varying pressure of their contents 
and of the parts surrounding them. 

The blood-pressure in the veins is very fluctuating, and is much less 
than that in the arteries. In the veins near the heart it amounts to only 
^ of the pressure of the corresponding arteries. It diminishes in the 
direction toward the right side of the heart. In compression of adjacent 
veins it increases in those which are free. During inspiration the blood- 
pressure diminishes in the veins which are near the thorax, and increases 
during expiration. During inspiration the pressure in the veins is, so to 
speak, negative, i.e., it is less than that of the atmosphere. 

The capillaries, from one point of view, consist of closely united, flat, 
nucleated cells, sometimes for the most part spindle-shaped, sometimes 
polygonal (the so-called vessel-cells, endothelia). Between these cells are to 
be found openings (stomata) of a perhaps rounded or more or less elliptical 
outline, in varying number, and in size probably varying greatly with the 
diameter of the vessel. According to the other view the capillary membrane 
is not made up of cells, but is a soft protoplasmic tube, and probably 
permeable to red and colorless blood-corpuscles; it is further, at least in 
young vessels, foi-med out of contractile substance, so that it is capable of 
active contractions. Concerning the adventitia capillaris, so-called, vide 
infra. 

Hover, Aery, Auerrach, Ebertii, and many others, support the first view, 
which is based upon the images formed by the action of silver on dead tissues, while 
the other view was first advocated by Stricker, and is based especially upon exami¬ 
nations in living animals. The latter ( Wien. acnd. Sitzgsber, 1865), and Golubew 
( Schultze's Arch , V., p. 49), have shown that moderate irritation of the living capil¬ 
lary vessels cause alternating local dilatation and contraction. 

The blood pressure in the capillaries has not been measured, but only esti¬ 
mated from their extent and the amount of their filtration. It varies with 
the general blood-pressure, increasing with the diminution of resistance in 
the arteries, and with the increase of such resistance in the veins. It 
changes, also, with the change of resistance of the tissues which surround 
the capillaries. 

The area of a cross-section of the capillaries together amounts to more 
than 800 times that of the aorta at its origin; that of each vena cava is 
almost as large as that of the aorta. 

According to Goltz {Arch, f d ges. Phys. , 1871, V., p. 53) the epithelium of the 
vessels perhaps acts like that of the glands. As the latter, with the co-operation of the 
nerves, takes up a fluid stream from out of the vicinity of the glands and then moves it 
into the excretory ducts of the glands, so also may the epithelium of the vessels possess 
the function of introducing liquid into the interior of the vessels. This character is 
ascribed chiefly to the capillaries and smallest lymphatics, the walls of which consist 
only of epithelium. The force with which the liquid moves from the smallest mm- 
muscular vessels into the larger, is then the pressure of secretion, under which the 
epithelial cells work. The smooth muscles of the vessels behave like those of the ex¬ 
cretory ducts of the glands. 
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In many organs the arteries are probably connected vvitli veins in a two¬ 
fold manner: one form is by the capillary circulation, which is characterized 
as the general, deep, or interstitial, chemical or functional, nutritive circu¬ 
lation ; the other form is effected by a direct communication of arteries and 
veins without an intermediate capillary system: the so-called mechanical or 
direct, derivative circulation. The smallest arteries which make up this 
second form of circulation are about 0.1 mm. thick, and possess organic 
muscular fibres ; they are so contractile that complete obliteration of the 
vessels can occur: they have vaso-motor nerves. These transitions occur 
besides in the corpora cavernosa of the genitals, the spleen, the placenta, 
in various parts of the skin, aponeuroses, joints, mucous membranes, mus¬ 
cles, brain, lungs, in part also in glandular organs. 

These relations, important in many points of view, with respect to the pathology 
of the local derangements of the circulation, were already known to Leeuwenhoek 
and Haller. They were accurately described by Dubois (1841, 1. c., p. 313), 
Paget {Load. Med. Gaz., 1850), and Wh. Jones. According to Yirciiow {Arch ., 
XII., p. 310) a part of the blood in the kidneys can pass directly from the arteries into 
the veins, while another part of it Hows through the Malpighian bodies. Bernard {AUg. 
Wiener med. Ztg. , 1880, Nr. 40-43) assumes two forms of capillary vessels: those 
which are comparatively thick and in part retain the course of the original communi¬ 
cation ; and those which are exceedingly thin, bathing every cell with liquid, and 
forming the nutritive network of vessels which belongs to every organ. There are 
vessels in every organ which restrain the blood, and there are those which permit 
it to flow on through. Hence it cannot be believed that all the blood which flows 
through an organ, e.g. the kidneys, the liver, contributes to its maintenance; this is 
true more often of only a part of it, while another part Hows through without suffer¬ 
ing any change, and merely effects the mechanical phenomena of the circulation. 
Sucquet {Bull, de Vaead., XXVI., p. 835, 1881. — B'une circul. derivat. dans les mem- 
bres et dans la tide chez I'homme, 1883) found that wide communications existed 
between arteries and veins in definite localities in the skin of the limbs and head. 
In the upper extremities, e.g ., there exists a double circulation : the deep, nutritive, 
constant and almost without variety, and the superficial, which is truly derivative ; 
both forms progress without interruption, but the latter varies with the quantity of cir¬ 
culating fluid, also with the energy and frequency of the heart-beats, as well as also 
with the action of the vaso-motor nerves, while the former suffers only a slight change. 
In the head the blood is carried away in like manner through the vasa arterio-venosa, 
out of the arterial into the venous system when the former is over-filled, so that also 
here the proper capillary circulation can go on independently in a regular and con¬ 
stant manner. Through the communicating cutaneous branches of the ophthalmic 
artery the blood is carried away from the internal arteries of the cranium into che 
veim frontales et angalares, while the eye is injected. The communications of the 
labial, nasal, palpebral and auricular arteries effect a release of the blood in over-fill¬ 
ing of the facial, internal maxillary and temporal. Direct communication is accom¬ 
plished in various ways. Consult also Hoyer {Tagebl. d. Nat. Vers.. 1873, p. 149). 
Tomsa {Arch. f. Dermat. u. Sgph ., 1873, V., p. 1) denies the so-called derivative cir¬ 
culation in the skin : the seats of this lie in those parts of the head and extremities 
where Danger has demonstrated a very slight or no tension of the skin (forehead, 
hand); those points where the mass of injection flows with greater velocity, and so 
has less resistance to overcome, coiacide very often with the points of irregular 
divisibility. Many others likewise regard these assumptions still as undemonstrated. 

According to Rindfleisch {Tagebl. d. Nat. Vers., 1873, p. 310) vessels of large 
calibre are formed in pulmonary emphysema, between the extremities of the arteries 
and the beginning of the veins. 

The velocity of tiie blood-stream shows constant variations in the 
several kinds of vessels, which variations are shown partly by means of 
special apparatuses (lnemodronioineter, etc.), in part indirectly by observ¬ 
ing the circulation in the living animal (mesentery, etc.). The resistances 
which influence the velocity of the blood-stream, lie in friction. The 
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velocity is greatest in the arteries (in the carotid of the dog about 260 mm., 
in the metatarsal, about 56 mm., in a second), less in the veins, least in 
the capillaries (in the retina of man about 0.7 mm. ; in the tail of the tad¬ 
pole about 0.6 mm. in a second). In the latter they are moreover subject 
probably to manifold essential and accidental variations. 


According to Dogiel (Arb. aus d. phys. lust, zu Leipzig , 1867, p. 106), the velo¬ 
city of the blood in the same arterial branch is subject to great and sadden changes, 
in spite of the fact that the heart impulse and the mean blood-pressure remain the 
same. Dogiel demonstrated farther, that the velocity of the streams which exist 
in two simultaneously observed arteries, vary altogether independently of each other, 
and as independently also of the blood-pi-essure, so that with the same blood-pres¬ 
sure the velocity in both channels may increase in the same, or opposite directions. 

Certain conditions from without have an influence upon the circulation 
to assist or to impede it, chiefly by their influence upon the veins. The 
course of the venous blood is therefore very irregular. 

Gravity exerts an irregular influence upon the circulation, sometimes 
promoting it, sometimes impeding it; the former upon descending, the 
latter upon ascending veins. In general, pressure acts unfavorably, by 
preventing the regular distribution of the blood, and by promoting its accu¬ 
mulation in isolated parts. By this is explained the influence of the sud¬ 
den change from a horizontal to an upright posture, not infrequently giving 
rise to fainting in many healthy and strong persons, still more certainly in 
the sick and convalescent. 

The effect of external pressure upon the circulation is important, since 
the vessels, partly in the interior of the body, partly on the surface, and 
deep in the extremities, are found continually under such pressure. From 
this the arteries suffer little; the capillaries, and especially the veins, con¬ 
siderably. Every pressure upon a vein is followed by an emptying of the 
blood toward the heart, because a turning to one side in an opposite direc¬ 
tion is in most veins prevented by the valves. Such a pressure, if inter¬ 
mittent, as for example, during the muscular movements ‘of the extremi¬ 
ties, may be of assistance under certain conditions of the mechanical power 
of the heart. But a constant pressure, like that from bands, bandages, 
exudations and tumors, affects unfavorably the venous circulation—favor¬ 
ably, however, in the highest degree, when by pressure enlargement of the 
vessels becomes reduced. If the pressure itself is elastic, like that from 
intestinal gases in the abdomen, it does no harm ; for just as it hinders to 
a certain extent the entrance of the blood into the arteries, and through 
the capillaries into the vena portce, so it promotes also the stream of the 
blood at the time in the vena portce in the direction of the hepatic veins. 
The changing pressure from the movements of the diaphragm and from ab¬ 
dominal pressure during respiration aids the abdominal circulation. A 
diminution of the pressure from without, as occurs in the climbing of high 
mountains, in puncture of ascites, of the eyeball, partially under the cup¬ 
ping-glass, etc., dilates the vessels and favors a retardation of the stream. 

Cold causes a contraction, heat a dilatation of vessels of every calibre, 
even the aorta and the cavie. Cold causes, first of all, a vigorous contrac¬ 
tion of the muscles of the vessels, which by excess of excitation is second¬ 
arily followed by relaxation. These effects of cold and warmth are inde¬ 
pendent of the vaso-motor nerves. 

Experiments of Hastings, scnwANN, o. webeu, 

The larger lymphatics have essentially the same structure as small 
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veins; an elastic intima provided with endothelium, with numerous valves, 
a muscular middle coat, and an adventitia. 

The lymphatic capillaries have an endothelial covering, but otherwise 
no elements of a wall; in general they resemble the blood-capillaries, 
but the walls are more delicate (on this account visible for the most part 
only when naturally or artificially injected, or after the cells of which they 
are formed are colored by silver), more numerous, and much broader. They 
are arranged with respect to locality, either as networks, which not infre¬ 
quently accompany the bloodvessels; or, they are blind ducts, which after¬ 
ward unite to form networks; or, they form sheaths around the blood- 
capillaries, i.e., they lie between the capillary membrane proper and the 
so-called adventitia, so that the blood-capillaries are separated from the 
tissue elements by a lymph-space. 

The origin of the lymphatics is not certainly known. It is most 
probably in the so-called plasmatic canals —spaces of the smallest size 
found in connective tissue, without a special membrane, but provided with 
llat nuclear so-called endothelium, usually filled only with liquid. In the 
central nervous-system the beginnings of the lymphatic-vessels are perivas¬ 
cular spaces, i.e., broad canals clothed with endothelium (or perithelium), 
in the axis of which are found the bloodvessels. In glands the origin of 
the lymphatic vessels is identical with fissures occurring between the blood¬ 
vessels and the glandular canaliculi, etc. 

Serous membranes are in open connection with the lymphatics. This 
takes place by means of small round holes, which in the living, and even 
after death receive and convey into the lymphatics not only fluids, even 
such as are not miscible with water, as oil, but also solids, as well those 
which are changeable in form (milk-globules and blood-corpuscles), as also 
those (India-ink and cinnabar) which are changeless. Not only liquids 
pass normally through these openings, but also lymph-corpuscles, which 
probably have their origin even in the serous membranes. Tendons and 
fasciae behave in a similar manner. 


The important statements given above concerning the source of the lymphatics 
generally, and their open connection with serous membranes, which latter Mascagni 
already accepted, we owe to V. Recklinghausen, who demonstrated both chiefly by 
the silver method and by experimentation. Farther important researches concerning 
these relations are furnished by Ludwig and his pupils, Sciiweigger-Seidel, Frey, 
Curonszewsky, Afanassiew, E beiitii, Tomsa, Zawarykin, His, Oedmansson, 
and others. Consult also Golgi, Rio. din.. 1870, IX.. p. 324. Concerning the lym¬ 
phatic vessels of fascia;, etc., consult Gexersicii and Ludwig 

The researches of Dybkowsky upon the pleura (Arb. am cl. phys. Amt. zu Leipzig , 
I860, p. 40) are of special practical interest. Concerning the pathological relations of 
serous membranes, consult Lavdowsky, Arch. f. norm. u. path. Histol. , v. Rudxew, 
and others, 1870, II., p. 74. Winogradow, lb., 1871, III., p. 1; Virch. Arch., 
LIY., p. 78. Klein and Burdon-Sanderson, Med. GtrlbL, 1872, No. 2-4. 

According to Buhl ( Lungenentz. u. s. w. 1872, p. 4) the epithelium of the alveoli 
of the lungs has less the signification of a continued bronchial epithelium than of a 
lymphatic endothelium spread out on the inner surface of the alveolar wall; bron¬ 
chial epithelium passes into alveolar endothelium, just as the epithelium of the Fallo¬ 
pian tubes passes into the endothelium of the peritoneum. Sikorsky (Med. Ctrbl., 
1870, No. 52) makes the lymphatic plexus in the walls of the alveoli communicate by 
means of fine openings with the lumen of the alveoli Therefore the cavities of the 
alveoli are wide lymph-spaces filled with air. The consider ible quantity of carbonic 
acid in lymphatic gases (20-40 per cent. : HammersteX) may for the most part be 
derived directly from inspired atmospheric air, and its quick transformation into 
carbonic acid. 

According to Schwalbe (Med. Ctrbl., 1869, No. 30; Arch. f. mikr. Anat, 1870, 
VI., p. 1), the arachnoidean space of the brain and spinal cord is a lymph-space, 
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which communicates with the lymphatic-vessels and glands of the neck through the 
jugular foramen, as well as with the lymph-canals of the three higher organs of sense. 
(It has no conuection with the perivascular spaces of His, nor with the lymphatics 
of the pia-mater.) In the eye, e.g ., there are found two groups of lymphatics; of 
these the posterior are to us of special interest. To this group belong the perivascular 
spaces of the retina, the perichoroidal space and its efferent canals, and the lymph- 
space lying between the internal and external sheaths of the optic nerve, which opens 
directly into the arachnoidean space of the brain. (The anterior lymph-passages of the 
eye do not communicate with the posterior. Both chambers of the eye form a system 
of currents which has its efferent canals at the corneal furrow; the lymphatic vessels 
of the conjunctiva form a second system, the plexus of small channels of the cornea 
form a third.) 

According to Bhn.u ( Witrzb. Diss ., 1838), there takes place, under certain condi¬ 
tions, a resorption of finely suspended fat, or ciimabar, from out of the cavities of 
the joints, which, therefore, likewise points to an open communication between these 
cavities and the vascular system. B. ( Virch. Arch., 1833, XLVII., p. 218), after 
treatment of synovial membranes with silver, saw an open connection of the lumina 
of the bloodvessels with the plasmatic canals. 

The flow of lymph out of its vessels into the veins takes place very 
slowly and under slight pressure. The forces operative here differ from 
those which chiefly effect the discharge of the lymph : they are aspiration 
of the thorax and contraction of the muscles surrounding the lymphatics. 

Heller ( Berl. Ctrlbl., 1869, No. 35) found in the exposed mesentery of young 
guinea-pigs a peculiar rhythmical movement, which bears a type independent of all 
other rhythmical movements of the organism (respiration, pulse). 

The cause of the discharge of lymph is the difference between the pressure iu the 
capillaries and that in the lymph-spaces. By ligature of all but one of the lymphatics 
of the testicle, which are easy of access beneath, and of the spermatic artery, more 
lymph is discharged in the moderate contraction of the pampiniform plexus than when 
the venous stream continues unobstructed. Should the arterial pressure be reduced to 
a minimum, no lymph at all would, as a rule, be discharged. According to Ludwig, 
the fasciae also in a dead animal absorb to their fullest extent liquids which have been 
injected in such manner as to produce rhythmic tension and relaxation; the colored 
matter injected is demonstrable in the thoracic duct. During muscular activity in 
the living, where a like alternation between tension and relaxation of the fasciae and 
aponeuroses takes place, those membranes and their lymphatics act like sucking- 
pumps. 

The quantity of blood in general is considered in Part IV. The 
quantity in single organs varies greatly under physiological and pathological 
conditions. 

Of the elements of the blood, the blood-corpuscles, especially the white, 
and fibrin have a prominent pathological significance. 

During the flow of the blood through the capillaries, only the fluid ele¬ 
ments pass uninterruptedly out of the latter into the tissues, and out of 
these, in a modified condition, back again into the vessels; but most proba¬ 
bly red and especially white globules normally leave the capillaries to reach 
the adjacent lymphatics or tissue. This transmigration takes place only 
where the blood-current is sluggish. It takes place without injury to the 
vessels, in a manner as yet unknown. The wandering red blood-globules 
mostly again retux-n into the circulation through the lymphatics. The white 
globules which have wandered out form, all or the greater part of them, in 
the various tissues the so-called movable or wandering connective tissue 
corpuscles, mucous corpuscles, salivary corpuscles, the corpuscles of the 
serous cavities, perhaps also tlxe round corpuscles known in the gray and 
white substance of the central nervous organs. They probably return again 
into the blood in the same way as the red globules. Consequently the fluid 
as well as the coi’puscular elements of the blood have a double way of re- 
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turn from the capillaries to the heart: on the one hand, by the veins; on 
the other, by the lymphatics. 

Consult Strtcker, Cohnueim, Hering (1. c.), IIenle and Merkel (Z. f. rat. 
Med., 1868, XXXIV., p. 49). 

The cause of the transmigration of the white globules lies, according to Counheim, 
in their active mobility ; according to Sciiklarewsky {Arch. f. d. get. Phys., 1868, 
I.), in physical forces. According to Hering ( Wien. Sitzungsber ., LVI., p. 691. and 
LVII., p. 170), the homogeneous mass, with which the red globules of the blood 
dammed up in the vessels appear to be blended, acts, opposite the walls of the vessels, 
like a liquid colloid substance. If the pressure be sufficiently prolonged, it exudes in 
isolated drops through the walls of the vessels and slowly extends into the surround¬ 
ing structures, whereby, if the extravasation extends into a lymph space, the indivi¬ 
dual blood-globules may again assume their old form. 

Direct observations show that the white globules of the blood can probably enter 
again into the same channel by the same way through which they left it. Reck¬ 
linghausen {Strieker Hdb., p. 249) not only saw the colorless cells pass out of the 
capillaries, but also migratory corpuscles of the connective tissue enter into them. 
Saviotti (Perl. rned. Ctrlhl ., 1870, Xos. 10 and 11) saw the same. He has besides 
demonstrated experimentally on the web of the frog, that pigment cells send their 
processes into the vessels through their wall, so that they really migrate as a whole 
or by pieces into the bloodvessels, and are carried awaj’ by the blood-current. This 
occurs normally, as well as after the employment of means to excite, inflammation, 
in the capillaries as well as in the small, perhaps also large veins. 


Under various conditions which always cause a congestive livperasmia, 
the number of migrating white globules increases very considerably, and 
gives rise to suppuration. Pus-corpuscles, so-called, are for the greater 
PART MIGRATED WHITE GLOBULES. See INFLAMMATION. 

The white globules, which have the properties known in the dead state, 
show, when alive, a peculiarity, which explains the foregoing facts, and 
besides is of importance for physiology and pathology ; they are con¬ 
tractile. 

The contractility of the white globules, and of the corpuscles identical 
with them, is shown in the examination of living animals (foot-web and 
mesentery of the frog, certain mammals), of freshly dissected animal parts 
(connective tissue, cornea), of fresh globules in proper menstrua (natural 
liquid trailsudat.ions, weak solutions of sugar and common salt, etc.), and 
when possible, during examination upon the warm stage of fluids containing 
such bodies (blood, mucus, saliva, pus). The corpuscles do not then appear 
round, but present points of various lengths, numbers and forms. Each 
corpuscle changes its form continually, sending out quickly fine filamentous 
processes, singly or in groups, which processes thicken at their base and 
consist of a part of the substance of the cell-body. They again retract and 
disappear without leaving any traces of their existence behind. Sometimes 
these processes appear on the whole circumference of the pus-corpuscle, 
from ten to twenty in number, sometimes tufts of from three to six appear 
in one or more points of the periphery. The single shoots of the corpuscles 
may branch again and unite with one another in twisted forms, and then 
flow together into one broad mass. The corpuscles contain nuclei, which 
become visible only by means of reagents. They also contain molecular fat 
and pigment, which change their locality in the cells with their motion (so- 
called molecular motions), these motions being most marked where pro¬ 
cesses are given out from the cells. 

The corpuscles exhibit these changes of form as well in liquid connective 
substances (humor aqueus, serous membranes) as in solid tissues (cornea, 
connective tissues chiefly), and consequently they wander in them, for the 
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most part in very circuitous routes. Migration is accomplished in tho 
following manner: the cell-mass shoots out into processes, then the round 
end opposite to the process advances with it in line, and then, by a farther 
elongation of the body of the cell, it moves on still farther. This migration 
takes place, as already said, not merely through open spaces or cavities of 
the connective tissue, but also through the walls of the capillaries and 
small veins. 

Contractility of animal cells was observed in the white globules of higher and 
lower animals, by Wir. Jones, Davaine, Robin, Ecker, Lieberkl iin, Haeckel ; 
in lymph-corpuscles, corpuscles of the spleen, mucous corpuscles, in similar cells in 
the transudation of serous membranes, etc., by Busk and Huxley, Lieberkltin, 
Virciiow, Recklinghausen, Oeiil, Cohniieim, etc. ; in the segmented globules of 
the frog’s ovum, by Stricker ; in pigment cells, by Brucke, Virchow, Loth. 
Meyer, Wittich, Busch ; in pigment-cells of colloid tissue of lower animals, by 
Huxley and Kolliker ; in the cells of enchondroma, by Virceow ; in giant cells, 
by Langhaus, etc. But Recklinghausen first demonstrated the regular occur¬ 
rence and pathological significance of that peculiarity, especially in pus-corpuscles. 

Lieberkuiin ( Ueber Bewegungserscheinungen der Zellen, 1870) holds especially 
that molecular movements within the body of the cell, the formation of vacuoles in 
the same place, as well as certain phenomena of elasticity, which have been regarded 
as phenomena of contraction, and the true movements of the body of the cell, are 
independent of one another. The proper contractile movements of cells, whereby 
they change their external form, are independent of the movements of contractile 
substances, which relate to the appearance and disappearance of the vacuoles. 

Rotij ( Virch. Arch., XXXVI., p. 145) makes prominent the great harmony which 
prevails with respect to the chemical reaction of fluids or tissues in which the phe¬ 
nomena of protoplasmic motion are observed. This reaction is almost universally 
feebly alkaline, seldom neutral, never acid. This chemical condition is probably 
necessary to hold in solution the albumen (Kuhne’s myosin), which is the basis of 
the phenomena of life. 

From observations directly made by Schultze (Arch. f . micr. Ancit., I., p. 1) and 
others, an elevation of temperature was found to accelerate the protoplasmic move¬ 
ments of white blood-corpuscles and make them more active. According to Schenk 
(Wien. ncad. Sitzungsber, 1869, LX., p. 25) the blood-corpuscles of cold-blooded 
animals still move at — 5°, those of warm-blooded animals at — 3° C. The blood- 
corpuscles of batrachians may be frozen for hours at a time, and still move when 
warmed to 40° C. ; in those of rabbits this was the case only when they had been 
frozen for 10-15 minutes. Sometimes the white corpuscles of man, without special 
preparation, exhibit movements 10, 20 hours and longer after death. 

According to Binz (Arch, f micr. Anat. , III., p. 386) quinia acts very deleteriously 
on the movements of protoplasm, especially of the white globules. 

According to ScnARRENBRoiCH (Med. Cent/'., 1867, Nr. 52) the migration of white 
blood-globules into the mesentery of the frog becomes very insignificant, if a solution 
of quinia (certainly in great, unusual doses in therapeusis) be painted on, or injected 
under the skin. 

By the employment of the moist chamber and warm object-plate, amoeboid move¬ 
ments and processes of division in red globules were first observed by Preyer 
( Virch. Arch. 1864, XXX., p. 426), then by Rollet, Klebs, Beale, and Bastian ; 
Friedreich (lb., XLI., p. 395) observed them in bloody urine without these helps 
(probably in consequence of the ingredients of the urine). Fr observed the same 
also in two cases of leucocythannia; Heller ( Uliters., p. 26) likewise, and in a case 
of pneumonia ; Mosler in leucocythannia. Many other observers, however, deny the 
contractility of the red-corpuscles. 

Colorless corpuscles, by their contractility, are also able to take up 
and transport foreign substances (carmine, cinnabar, milk-globules, red 
blood-corpuscles, dust of every kind, etc.). 

Injection of coloring matters, especially cinnabar, into the veins, followed 
at varying intervals after by examination of the tissues and organs of the body, 
promises manifold results bearing on physiological and pathological condi¬ 
tions. A vei’y small portion of the coloring matter probably passes out of the 
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capillaries free or extra-cellular, but the greatest part of it, after being taken 
up by the white blood corpuscles, passes out intra-cellular. The passage, 
physiologically important, of white blood-corpuscles into the secretions, e.<j. 
saliva, mucus, milk, has not yet been demonstrated. Injection of coloring 
matters have been performed by pathologists especially to learn the fate of 
white blood-corpuscles filled with granules of coloring matter, and which 
have wandered out of the vessels. Many believe the conclusion authorized, 
that every young tissue-element (epithelial cell, cylindrical cell, muscle cell, 
etc.) which contains such molecules after injection of coloring matter, is a 
white blood-corpuscle in the process of metamorphosis into an epithelial 
cell, etc. This is not justified, since molecules may penetrate into very soft 
young tissue-elements after they have become intra-cellular, or if they were 
until then extra-cellular. 

The various tissues and tissue-elements harbor the coloring matter in 
various ways ; sometimes in great quantity, sometimes in very small quan¬ 
tity, and sometimes not at all. Experimentation concerning these matters 
show in many points no important differences. 

That the white globules absorb foreign substances into their interior was first made 
known by Haeckel, then by Coiiniietm, Recklinghausen, etc. ; the same, with 
respect to the red globules, was demonstrated by Piieyeu and Lieberkuiin. 

Ponfick ( Virch. Arch., 1869, XLVIII., p. 1), also Hoffman and Langerhaus 
(lb., XLVIII., 803), found the following with respect to the continuance of coloring 
matter (mostly cinnabar, seldom aniline blue and ultramarine) after its introduction 
into the veins of frogs, rabbits, guinea-pigs, and dogs. After a few hours (4-6) the 
coloring matter was almost altogether taken up by the white globules. Somewhat 
less quickly (to 24 hours) a small quantity of it disappeared from the circulation; 
whereas a great quantity remained in it after many weeks. Cinnabar, inclosed in 
large cells partly occupied by blood-globules, was found in the blood of the splenic 
veins after 148 days. The spleen, liver, and marrow of bones contained cinnabar in 
the intravascular tissues at nearly the same time and in equal degrees. 

The spleen and bone-marrow each time included cinnabar in the elements of their 
peculiar tissue. The latter showed it within its various forms of cells, with the 
exception of the giant-cells and small round cells. No coloring matter was to be 
found in the Malpighian bodies of the spleen, nor in the supporting connective-tissue 
network of the spleen and lymphatic glands. In the liver, cinnabar was the fre¬ 
quent cause of capillary embolisms. Its accumulation in the capillaries follows very 
quickly, and it is contained within the white globules of the blood. For from 4 to 
6 days it is quite uniformly distributed in the acini; later, in guinea-pigs, its accu¬ 
mulation predominates in their central; in rabbits, in their peripheric half. The 
hepatic cells never contain them. According to Ponfick, cells containing cinnabar 
are found only outside of the vessels in the lymph-spaces in the neighborhood of the 
capillaries. Coloring matter is always found for a certain length of time in the vessels 
of most organs, and then at the earliest moment after the twenty-first day they again 
become extravascular in the tissue, and indeed, as it seems, always in the fine con¬ 
nective-tissue corpuscles; as in the cornea, conjunctiva, iris, cicatrices, subcutaneous 
tissues. The spread of granules of cinnabar in the individual organs is very incon¬ 
stant. They are often found in the tongue (especially its mucous membrane), in the 
salivary glands and pancreas ; in the mucous coat, seldom the submucous, of the 
intestinal tract, almost never in its muscular and serous coats. On the twenty-first 
day the kidneys contain cinnabar, not infrequently distributed over the whole organ 
with great uniformity, in the corpuscles of the interstitial tissue. They are likewise 
to be found in the connective-tissue corpuscles of the supra-renal glands and testicles. 
(In an impregnated animal neither the embryo nor placenta contained cinnabar.) It 
was more often found in the mucous membrane of the iarynx and trachea. The 
lungs were always very rich in it, on account of numerous capillary emboli. Bone 
and cartilage-corpuscles never contained cinnabar; it was more often found in the 
synovial membranes, Haversian canals and intermuscular tissue. The brain and 
spinal cord even were very destitute of it. The lymphatic glands of the wound of 
operation, of the mesentery, and of the liver contain cinnabar very soon after the 
injection; partly free in the lymph-sinus, partly in the round cells, or in the latter 
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only, never in the reticulum. Cinnabar was found only very late in the remaining 
lymphatic glands, and indeed only in the lymph-sinus and ducts. Cinnabar has never 
been demonstrated in cartilage, bone, and epithelium, only in small quantity in the 
central nervous system. 

Reitz ( Wien. ucad. Siisjsfter ., 1838, LVII., p. 8) saw granules of coloring matter, 
after injections of cinnabar into the blood, in those elements also, which had never 
been contained within the vessels : as in the epithelial cells of all the mucous mem¬ 
branes ; likewise in the cartilages, in the celis as well as in the intercellular sub¬ 
stance (also Hutob and Hkitzmann). The quantity of coloring matter was so much 
greater, if inflammation affected the localities in question. In an impregnated 
rabbit, coloring matter was found not only in the uterus and placenta, but also in 
the blood of the foetus, especially abundant in the capillaries of the pia-mater. The 
presence of cells containing coloring matter in a mass of inflammatory origin does 
not yet decide these cells to be migrated white blood-cells without further investi¬ 
gation. 

Colored particles, especially of coal-dust, are very commonly found within the 
mucous corpuscles of the upper part of the respiratory tube. How this and other 
dust penetrates into the deeper air-passages, lungs, etc., is not yet accurately known. 

White blood-globules as well as wandering cells sometimes also take up red and 
white blood-globules and even epithelial cells, and move away with them. The 
former takes place sometimes in the same manner as with coloring matters, and the 
red globules thereby are usually divided into many smaller parts ; but sometimes the 
wandering cell surrounds a much larger cell, altogether or by leaving a part free. 
(Hoffman, Virch. Arch., LI., p. 378.) 

The causes of secretion of fibrin or of its formation are of 
importance, with respect to the theories of thrombosis, dropsy, and inflam¬ 
mation. 

Fibrin is formed by chemical combination of a fibiunoplastic substance 
belonging to the contents of cells, with a fibrinogenic substance peculiar 
to the intercellular fluids. The fibrinoplastic substance (paraglobulin) may 
be discharged in a solid form from the fluids containing it, not however 
in a pure state, but mixed with other bodies. Red corpuscles especially 
are fibrinoplastic. Chyle, lymph, pus, corneal tissue, the umbilical vessels, 
the lens, indeed almost all cellular elements, are fibrinoplastic; finally, 
fluids in which the cell-contents are transformed, as blood-serum, the 
humors of the eye, saliva, synovia. The white of the'egg, tendon and 
cartilage are not fibrinoplastic. Fibrinogens are not only those coagulating 
spontaneously, but almost all serous fluids, which by the addition of a 
fibrinoplastic substance are coagulated. The white of the egg, the humors 
of the eye, normal synovia, have no fibrinogenetic property. Fibrin is 
secreted under normal conditions, if the fluids, e.cj. the blood-plasma, 
which contain both generators of fibrin, have been withdrawn from the 
living body. In the body even, coagulation of the blood is prevented, 
through the influence of the walls of vessels. 

Bruckf. has demonstrated by numerous experiments, that the wall of the vessels 
and indeed the inner membrane of the bloodvessels, as well as of the lymphatics, 
and serous membranes, prevent coagulation of the blood in living vessels. He 
exposed blood at a temperature of almost 0° C. for fifteen minutes to atmospheric air, 
then returned it into the heart or vessels of an animal just dead and hung it up in 
a room saturated with moisture. The blood remained liquid many hours in warm¬ 
blooded, many days in cold-blooded, animals. During this time a drop of blood drawn 
from the vessels coagulated immediately. If a foreign body was introduced into 
the vessel, the blood coagulated only in its vicinity. 

We are indebted to Al. Sciimidt for the demonstration of the fact, that fibrin 
has its origin in the combination of fibrinoplastic with fibrogenetic matter. 

That blood-cells are the bearers of fibrinoplastic material is known from this, that 
coagulation first begins in their vicinity and spreads hence into the remaining liquid. 
Also, from the fact, that blood-cells in giving rise to coagulation act differently, 
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after interference with their nutrition, e.g. in not being able to take up sufficient 
oxygen. Hence, it must be admitted that they cannot develop fibrinoplastic sub¬ 
stance in a normal manner, in inflammatory affections, to wit, of the thoracic 
organs, and in apnoea; the effect must be greater in the simultaneous increase of 
fibrogenetic substance. Slow coagulation of the blood in such cases is nevertheless 
known. 

In general, the slower the coagulation, the softer, more gelatinous and more in¬ 
capable of contraction is the coagulum, and so much the less fibrinoplastic sub¬ 
stance there was in the liquid. 

With respect to the influence of gases on the coagulation of the blood :—the pres¬ 
ence of carbonic acid retards coagulation. In this manner also other weak acids 
act, as well as alkalies and alkaline salts. Oxygen and atmospheric air have no 
direct influence on coagulation, for blood kept a whole week in the air retains its 
efficiency. Coagulation is retarded not from the want of oxygen but by the accumu¬ 
lation of carbonic acid, as well as by the simultaneous deterioration of fibrino¬ 
plastic activity. Transudates remain fluid longer in closed cavities of the body 
than in the air, because the carbonic acid contained in them cannot escape. 

Coagulation is promoted by contact with the air, with foreign solid bodies, by a 
temperature elevated to 55° C. 

Blood which had been taken from animals half an hour after death, always coagu¬ 
lated much more slowly than that drawn earlier. This gradual loss of energy in 
spontaneous coagulation is the rule in blood from the dead, especially in that of 
those who had died from suffocation. 

According to An. Schmidt (Dorpat. 1872), a ferment arises in the blood with¬ 
drawn from the vessel-walls, under the influence of the blood-corpuscles, which fer¬ 
ment induces coagulation of fibrin. The fibrinogenic and fibrinoplastic substances 
furnish the material for fermentation, which substances together must be exposed 
to the influence of the ferment, to induce fibrin-coagulation. The action of the 
blood-corpuscles on fermentation depends upon haemoglobin. Most transudates 
taken from the cavities of dead bodies contain both generators of fibrin, and no 
ferment. They coagulate on the addition of the ferment. Others, in which 
fibrinoplastic substance is wanting, require its supply for the production of coagu¬ 
lation. Neutral alkaline salts interrupt, low temperature wholly prevents coagula¬ 
tion. 

According to Mantegazza (Ann. univ. di medio., CCXVI., Apr. 1871, Milan), 
coagulation of the blood and of other coagulable liquids depends upon a state of 
irritation of the white-corpuscles, which, in contact with foreign bodies or inflamed 
tissues, or especially, if they are removed from their physiological conditions, secrete 
a substance, which is itself fibrin, or the cause of the formation of fibrin. 

According to Boll (Arch. f. Anat. u. Phys., 1870, p. 718) the blood and serous 
fluids of the embryo are incapable of spontaneous coagulation. 

The fluidity of the blood is dependent upon a normal state of the endothelium ; 
and affections of the endothelium, in which the cells need not as yet have lost 
their vitality, are causes of coagulation. (See Inflammation.) 

The quantity of lymph is not known with respect to the whole body, 
nor with respect to single organs and tissues. Many estimate it at from a 
fourth to a third and more of the whole weight of the body, it naturally 
varies with the general and local quantity of the blood, with the activity 
or rest of the organ, etc. Not equally striking are the different relations 
of the quantity of lymph under pathological conditions. (See Dropsy.) 

Genersicit (Arb. aus. d. phys. Amt. zu Leipzig , 1871, V., p. 58) found not only 
that during artificial circulation in the surviving muscles of the extremities true 
lymph is still produced, but that also there were great differences in its quantity, de¬ 
pendent upon rest and motion. During muscular action from electric irritation the 
quantity of lymph obtained from tendons and fasciie, in many trials and with arti¬ 
ficial circulation, was more than three times as great as that obtained during rest. 
A considerably greater quantity of lymph was collected during passive motion than 
during contractions induced by the galvanic current. The pressure on the lyinphaiic 
vessels induced by muscular movements, is, probably, not as important a cause of 
acceleration of the lymph-stream as the tension and relaxation of tendons and 
aponeuroses connected with active and passive motion. Still more striking is the 
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difference between the quantity of lymph excreted during rest and motion without 
the employment of artificial bloodletting. 

Lesser {Arb. au$. d. phys. Anut. zu Leipzig , 1872, VI., p. 94) very often observed 
considerable quantities of lymph flow in a very continuous stream from the thoracic 
duct of dogs, whose extremities had been completely paralyzed by curare, and 
whose stomachs and small intestines were free from food. In a dog after fasting, e.y ., 

Weighing 238(50 grm., with 1833 grm. (hypothetical) of blood, 315 C. cent, in 4 hours. 
24730 “ 1904 “ “ “ “ 290 “ “ 6 “ 

“ 15200 “ “ 1109 “ “ “ 201 “ “ 5i- “ 

18000 “ “ 1431 “ “ “ “ 327 “ “ 7£ “ 

The mean flow per minute was between 0 and 1.24 C. cent., most frequently 0.3 to 0.8 
C. cent. The peculiarity also of the animal probably played a great part. In two cases, 
lymph flowed for 09 minutes after death at the heart, with almost the same rapidity 
with which it had flowed a short time before. This, according to the author, is the 
result of the varying pressure which artificial respiration exercises on the abdomen, 
and which, in other cases, is caused by the artificial extension and flexion of the 
limbs. When the posterior extremities were simultaneously flexed and extended, the 
lymph-current, as Geneksicii had already discovered, was each time considerably 
swifter than during rest; in many experiments, in the proportion of 5.7, or 4.6, or 
2.5 : 1. Lymph which flowed during a state of rest was in most cases opalescent (from 
fatty floculi); that, on the other hand, obtained during motion, was entirely clear 
or slightly milky. The latter, transparent lymph, proceeded probably from the pos¬ 
terior extremities, the former from the abdominal viscera. The large secretion of 
lymph, which appears during poisoning by curare, is connected with lowering of the 
blood-pressure, so often observed during the action of this poison on dogs. The 
accelerated lymph-current and lowering of the blood-pressure depend upon a con¬ 
gestion of the abdominal viscera. 

The circulation within the cavities of the body deserves an especial 

consideration. 

In the thoracic cavity inspiration greatly promotes the streaming of 
venous blood from all the vessels of the body into the heart; usual expira¬ 
tion exerts no essential influence, while laborious expiration acts as a hind¬ 
rance. Besides this aspiration of the blood, especially from the vessels of 
the neck and head, disturbances in the lesser circulation are in inspiration 
relieved: the lungs develop at this time, and the resistances in the more 
obstructed vessels decrease. If expiration be long prolonged, as, e.(/., 
in impaired elasticity of the lungs in vesicular emphysema, hindrances to 
the entrance of venous blood into the thorax increase, the veins of the 
neck swell, etc. In proportion as the elasticity of the lung tissue fails, 
the pressure of the air in the lungs increases and renders more difficult the 
circulation of the blood through them. In the arteries during inspiration 
there is a lowering, during expiration an elevation, of the blood-pressure. 

The conditions in inspiration are important as regards injuries of the large veins 
near the thorax, since the central end of such a vein sucks in air during inspiration, 
causing the greatest disturbances of the circulation, and even instantaneous death. 

By passing a stream of blood through lungs which had been removed from the 
thorax, it was observed that the stream passed slowly into the organ in a collapsed 
state, quickly into it when moderately distended with air, and when the lungs were 
fully distended the stream at first passed quickly, but soon became slow. (Ludwig.) 

In the cranial cavity the blood-capacity likewise varies. In children, 
when the bones of the cranial vault are movable and the fontanelles open, 
rising of the brain during expiration and its sinking in during inspiration can 
be seen and felt; a pulsation even of the brain-mass can there be observed 
in some cases, just as in adults after injury of the cranium with loss of 
substance. But the cranium being closed, the explanation of a deficient or 
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full supply of blood to its contents is more difficult. Tn dead bodies of 
adults and children, one can become convinced of the most various degrees 
which exist with reference to the blood-supply of the brain. And too 
great effusions of blood, exudations, tumors, etc., could not arise in the 
brain, unless room for them could lie found within the cranial cavity. 
Finally, the increase and diminution of the filling of the vessels have been 
directly proven by microscopic examination of the pia-mater of living ani¬ 
mals through a piece of glass hermetically fastened in an opening in the 
skull, made by a trephine. 

In general, the cranium of adults is a closed immovable capsule, filled 
by the brain with its membranes, the cerebro-spinal fluid, and the vessels. 
The brain is quite incompressible. If we admit brain-pressure because we 
see the brain dislodged by depressed bone, blood-effusions, exudations and 
tumors, there is question in chronic cases, of atrophy of the brain, in 
acute cases, only of displacement of movable matter. The latter can be 
only the blood or cerebro-spinal fluid. Either of these must be displaced into 
the spinal canal, which is capable of slight expansion through the elasticity of 
the intervebral ligaments and by the possibility of a sudden depletion of the 
blood of the veins of the spinal cord through the intervertebral foramina. 
In the brain, it does not happen as in the spinal cord, that there is a con¬ 
tinuous sub-arachnoidal space, but here are found many larger and smaller, 
only partly connected spaces. The larger of these, between the cerebellum 
and medulla oblongata and under the pons, cerebral crura, fossae Sylvii, 
etc., connect directly with the sub-arachnoideal space of the spinal cord, while 
the smaller connect in part with one another in the corresponding sulci, but 
not with the larger spaces. Either the arachnoideal fluid flows through the 
lymphatic vessels into the neck, or through the communications with the 
lymph-channels of the three higher organs of sense into these. This view 
of the relation mentioned between the blood and the cerebro-spinal fluid is 
also supported by the fact, that in dissection the quantity of the blood of the 
brain is found to be in inverse ratio to that of the cerebro-spinal fluid. But 
it must always be admitted, that the beginning of changes in the quantity 
of blood in the cranial cavity, is rendered difficult in comparison with other 
organs. 

Ponders, in the above-mentioned experiments, showed that by increasing the 
pressure of expiration, a vessel of 0.04 mm. diameter enlarged to 0 14 mm., and one 
of 0.07 mm. to 0.10 mm. ; and that in the sudden deprivation of blood, the vessels 
contracted from 0.46 to 0.68. from 0.41 to 0.20. from 0.18 to 0.14 mm. 

The cerebro-spinal fluid, the spiral course of the four great arteries of the brain 
before their entrance into the cranial cavity, their connection with one another and 
arrangement, so that all the vessels are lost in their branches in the pia-mater out¬ 
side of the brain—all these result in this, that within the substance of the brain and 
spinal cord arterial blood flows under proportionately slight pressure, and that it also 
shows only in a very moderate manner the periodic changes of pressure of the pulse. 
To this apparatus belongs, perhaps, the perivascular lymphatic spaces, which commu¬ 
nicate freely with the peri-cerebral spaces, and through these with the lymphatic 
vessels of the pia-mater (Hrs, Ztschr. f wiss. Zool ., XV., p. 127). According to B jii.m 
( Virch. Arch., XLVII., p. 218). the veins of the outer surface of the dura are some¬ 
how in open communication with the serous cavity of the brain. Probably this is 
effected by means of a network of lymphatic vessels, which open on the inner surface 
of the dura, but on the other side is in direct communication with the veins. 

In the brain the arachnoid is separated from the dura by a capillary layer of liquid ; 
in the spinal canal the serous cavity is reduced to null; the arachnoid lies immediately 
upon the dura. Quincke (Arch. f. Aunt,., Phys ., etc., 1872, p. 153) injected an emul¬ 
sion of cinnabar into various parts of living animals, into the sub arachnoid space of 
the spinal cord, into the arachnoid and sub-arachnoid spaces of the brain. A commu¬ 
nication was thus first shown to exist between the sub-arachnoid spaces of the brain 
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and spinal cord. A current is found in the sub-arachnoid fluid during life, from 
behind forward, as well as in the opposite direction. This is respiratory in character 
(Magendie) : the yielding venous plexuses of the spinal canal sink in during inspira¬ 
tion, and swell out during expiration more strongly * than the fixed cranial sinuses 
(Ecker, Physiol. Unters. ub. d. Bewegu-ugen des Gehirnes u. Buck nmark, 1843). 
The cerebro-spinal fluid is thereby, during expiration, driven out of the spinal canal 
towards the cranium, while inspiration is followed by an opposite effect. There 
exist openings of communication in the arachnoid between the arachnoid and sub¬ 
arachnoid spaces of the brain and spinal-cord. The channels for the escape of the 
cerebro-spinal fluid are numerous. A part leaves the cerebro-spinal cavities together 
with the nerves; along with these channels appear to exist, which usually convey 
only liquid. Besides, the current passes the cervical lymph-glands, in the dog the 
upper-posterior and the maxillary glands. Further, fluid passes out of the arachnoid 
and sub-arachnoid spaces through the Pacchionian granulations (A. Key and Ret- 
zius). Finally, the sub-arachnoid fluid is regarded as passing constantly and nor¬ 
mally into the sheath of the optic nerves ; the latter is a projection with yielding walls 
of the sub-arachnoid space. Coloring matter is always found most constantly and in 
very great quantity in the sub-vaginal space (i.e., in the space between the external 
and internal sheath of the optic nerve). Whether the supra-vaginal lymph-space also 
(i.e., the space between the external optic-sheath and the muse, retractor bulbi) 
communicates anteriorly with Tenon's space, posteriorly with the arachnoid space, 
is in question. The fluid of the sub-arachnoid spaces of the brain and spinal cord 
rarely reaches the connective-tissue stroma of the choroid plexus, never the ventri¬ 
cles of the brain. On the other hand, a continual current appears to exist from out 
of the fourth ventricle into the sub-arachnoid space. Magendie’s foramen, so-called, 
probably does not exist. The ways of communication lie in the intermediate spaces 
of the connective-tissue meshes which form the pia. (Quincke.) 

Consult Althann, Der Kreislauf in dev Schddelruckgratshdhle , 1871. 

According to Liebermeister ( Brag. Vjrschr. , 1804, III., p. 31) the real function 
of the thyroid gland is to regulate the supply of blood to the brain; the aggregate 
area of a cross-section of its four arteries is not much less than that of the arteries 
which provide for the brain; as to the brain, blood is also sent to it from each of 
the four large arteries destined to the upper half of the body. According to 
Maignien and Guyon, the thyroid gland swells during strong blood-pressure and 
compresses the carotids, thereby preventing a too great blood-pressure in the brain. 

Tn the abdomen, especially in the vena portae, the conditions of the circu¬ 
lation are in general important, because of the great quantity of blood 
within its vessels, and in particular because of the theory of haemorrhoids, 
abdominal congestions, abdominal plethora, etc. The absence of valves in 
the portal vein renders it certainly possible for the blood, hindered in its 
onward flow, to return easily and quickly into the roots of the vein (the 
hsemorrhoidal veins, etc.). By this also is the circulation equalized, and a 
haemorrhoidal bleeding can the more quickly diminish the pressure on the 
whole system. In a similar manner is explained the swelling of the 
spleen during digestion: the blood is crowded into the splenic veins, be¬ 
cause at this time the gastric and intestinal branches of the portal vein 
are more largely supplied. The slower circulation in the portal vein, due 
to its distance from the heart, and to the passage of the blood through a 
second system of capillaries in the liver, is assisted by the respiratory 
movements, by the pressure of intestinal gases, and by the pressure of the 
abdominal muscles. 

G. E. Stahl, by his work : Be, vena porter , porta malorum liypnchondriaco-splene- 
tko-suffocativo-hysterico-hceinorrhoidarwrum , Hal., 1698, laid the foundation for the 
study of the maladies connected with the portal vein. According to him, the blood 
within the territory of the valveless portal vein may easily be displaced by a kind of 
peristaltic movement of its walls, and accumulate, sometimes in the stomach, some¬ 
times in the spleen, sometimes in the intestines. 

According to Ludwig the stream in the hepatic veins is considerably retarded 
as soon as the atmospheric pressure upon the liver is only a little increased by means 
of a force-pump. 
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INFLUENCE OF NERVES UPON THE CIRCULATION. 


Concerning the dependence of the circulation upon the nerves, the 
following points are worthy of attention. 

The cardiac nerves arise—not including the intra-cardial nerve-centres— 
from the cervical portion of the sympathetic, and from the vagus (from 
its trunk as well as from the recurrent nerve): both nerves together form 
the cardiac plexus. The vagus is the nerve of arrest, the sympathetic the 
excitor nerve of the heart’s motion. Section of the vagi in the neck 
causes an increase in the number of the heart’s contractions, two-fold and 
more; moderate excitation (mechanical, chemical, or electrical) of the same 
nerves diminishes the number of contractions, while strong excitation is 
followed by complete cessation of the heart’s movement in diastole. Irri¬ 
tation of the medulla oblongata, as well as of the upper part of the cervi¬ 
cal portion of the spinal cord, acts in the same manner as irritation of the 
vagi. The effects of irritation or section of the sympathetic are less 
certain: the former causes, for the most part, an acceleration; the latter, a 
continuous lowering of the heart’s contractions. 

The constant excitation of the vagi in warm-blooded animals is reflex in 
character (Bernstein). Of the other reflex irritations of the vagus, are known: 
mechanical irritation of the intestines in the frog (Goltz), perhaps also in many 
cases in man ; irritation of most various sensory nerves (Loven), but only so long as 
the cerebrum is preserved (Cyon) ; also irritation of the trigeminus by chloroform, 
ammonia, etc. (Kratscii.mer—Heuing, Wien. acad. Ber., 1870, LXII.); that of the 
abdominal and cervical cord of the sympathetic (Bernstein), of the vagus of the 
other side (Bezold, etc.). .Moderate expansion of the lungs increases the heart’s 
beats; not in consequence of increased pressure, etc., upon the external surface of 
the heart, but in a reflex manner through the vagi. The sensory nerve-fibres of the 
lungs, irritated by this expansion, act on the cerebral centre of the inhibitory nerves 
of the heart in a similar manner as act the fibres of the depressor nerve on the 
cerebral centre of the vaso-motor nerves: both centres are in a state of continual 
excitation, which is reduced by irritation of the nerve-fibres mentioned. These 
fibres are thus the nerves of inhibition for those centres (Hering). 

Digitalis excites the inhibitory nerves of the heart, and the peripheric extremities 
of the vagus, since the action also appears after section of the vagi; thus it reduces 
the frequency of the pulse. Atropine paralyzes the nerves of inhibition, and thus 
the pulse is increased in frequency. If atropine first and then digitalis be injected 
into an animal, no decrease of the frequency of the pulse will be observed (Re¬ 
searches of Trauije. Bezold, Ackermann). Dogiel saw the heart come to a 
standstill at the beginning of chloroform inhalation. 

A branch of the vagus discovered by Ludwig and Cyon, mostly from the superior 
laryngeal, the nervrn depressor (which passes from the heart to the nervous centre 
of the vessels in the spinal cord), probably diminishes the resistance opposing the 
emptying of the blood of the over-lilled heart. Irritation of its central end is fol¬ 
lowed by dilatation of the vessels and diminution of blood-pressure. Irritation of 
its peripheric end, as well as section, is without effect. 

The dependence of the vessels upon the nerves consists in this, that 
the latter keep the muscular fibres of the arteries in constant tonic con¬ 
traction, so that an active resistance is opposed to the expansion of the 
vessels from blood-pressure. This continuous excitation upon the arterial 
wall is exercised by the sympathetic. After section of this nerve in the 
neck the lateral pressure of the walls of the vessels instantly diminishes; 
the blood, in proportion to its pressure, dilates the arteries, and, farther on, 
the capillaries of the corresponding side of the head, and runs through 
them with such velocity, that, since nutrition does not increase with the 
quantity of blood, it does not become venous, but remains arterial, and 
that besides, since the resistance of the arteries is destroyed, the pulse 
continues into the capillaries, and even into the veins: in consequence 
there occur reddening and an elevation of temperature from 3°-G° C. On 
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the other hand, irritation of the superior cervical ganglion is followed, but 
more slowly, by contraction of the same vessels, paleness and lowering of 
the temperature. These influences of the nerves occur physiologically in 
blushing and in paleness. (Both forces have no influence upon the calibre 
of the veins.) The differences in the temperature of the sick and healthy 
sides again recede to the normal condition in the animal under ex¬ 
periment, but becomes prominent again during active movements. The 
differences are especially striking in coldness, loss of blood, pain, in short 
in all those states which mark weakness in the animal. 

Investigations by Dupuy (1816), especially however by Bernard (1849 and 1852). 
also by Budge, Waller, Brown-Sequard, Sciiiff, v. d. Becke-Callenfels, 
Donders, and others.* 

The general central organ for the nerves of the vessels is in the 
medulla oblongata: irritation of it in the uninjured spinal cord and sym¬ 
pathetic is followed by contraction of all the smaller arteries (with con¬ 
secutive high raising of the blood-pressure in the arterial branches). This 
constant irritation is probably due to the influence of the carbonic acid of 
the blood. In suffocation, the same strong contraction of the smaller 
arteries takes place from a similar cause. This tonicity of the vessels is 
destroyed by section of the spinal cord in the cervical region: all the 
muscles of the vessels of the body relax, with considerable fall of blood- 
pressure. , 

According to Budge (Med. Ctrbl., 1864. No. 25), the centre of the vaso-motor 
nerves lies in the cerebral peduncles; according to others, still higher, in the cere¬ 
brum : the latter may at least exercise an influence on that centre. 

Owsjannikow (Arb. aus. d. phys. Amt. zu Leipzig , 1872, VI., p. 21) has experi¬ 
mentally circumscribed the localities from which the vaso-motor nerves receive their 
tonus, and in which they receive their reflex excitation. In rabbits and cats the 
upper limit of this locality is 1-2 mm. below the corpora quadrigemina, the lower 
4-5 mm. above the calamus scriptorius. 

According to Goltz ( Virch. Arch. , XXIX., p. 394), besides the medulla oblongata, 
the spinal cord also is throughout an independent central organ for the vaso-motor 
nerves. This has recently been confirmed by Heubel (Virch. Arch., 1872, LVI., 
p. 248). According to his experiments on the frog, destruction of the medulla 
oblongata and spinal cord causes the circulation of the blood and resorption to cease, 
whilst by removal of these organs the continual state of excitation of the whole 
system of vaso-motor nerves is destroyed, the smooth-muscles of all the vessels are 
relaxed, the tonus of the vessels, and with it the tension of the blood in the vessels, 
indispensably necessary to the circulation, disappears. 

According to M. Hafiz (Arb. aus. d. Leipz. phys. Inst. , 1870. p. 95) contraction of 
the arteries of muscles does not so uniformly follow irritation of the spinal cord, as 
is the case with other arteries; it is always absent in poisoning by curare, while 
other arteries are contracted. The vaso-motor nerves of muscles are more easily 
exhausted than others, so that contraction appearing during irritation of the spinal 
cord very soon passes into dilatation. It follows, then, that not all arteries are ma¬ 
terially contracted during irritation of the spinal cord. . This is certainly true, how¬ 
ever, of the vessels of the skin and intestines. 

According to S. Mayer (Oestr. med. Jb., 1872, p. Ill) strychnia causes a colossal 
increase of pressure in the arterial system, which depends upon an extraordinarily 
intense irritation of the vaso-motor centre in the brain, and the resulting contraction 
of the small arteries. Nicotina (Surminsky, Z. f. rat. Med., C. XXXVI., p. 211) and 
Calabar bean (Bezold and Gotz, Med. Ctrbl., 1867, p. 242) act in a similar manner. 
According to Traube an habitual use of alcohol and simultaneous strong exertion of 
the muscles, also the excessive use of tobacco, diminish the tonus of the arterial 
muscles, and thus the flow out of the aortic system, and causes chronic endarteritis. 

* Brown-SeQUARD’s experiments were contemporaneous with Bernard’s (1852). 
B.-S. advanced the theory of vaso-motor action. See Longet, Traite de Physiologie, 
t. III., p. 612. Paris, 1869.— (Ed.] 
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In a reflex manner the arterial tonus is i-educed or increased: generally 
by irritation of the central end of the depressor nerve, as well as by 
section of the splanchnic nerve (the vaso-niotor nerve of the vessels of the 
abdomen) ; locally, in an arterial district, by irritation of the sensory nerves 
of the corresponding region. The latter reflex excitation is, in healthy 
bodies, in uninterrupted activity. 

The size of vascular regions affected by irritation of sensory nerves depends upon 
the point at which it is applied. The effect of irritation of a sensory nerve does 
not, as a rule, extend beyond the limit of its peripheric distribution (Lovicn). 

According to No Tir. nag EL ( Virch. Arcli., XL., p. 203), the arteries of the pia mater 
contract, by electrical as well as by mechanical irritation of sensory nerves, mostly 
after irritation of the crural nerve. IiiKGEL and Jolly (lb. , LII., p. 218) did not 
find this to be constant. 

Like the transversely striated muscles of respiration, the vaso-motor system of 
nerves experiences a periodical innervation from the side of the respiratory nerve- 
centres in the medulla oblongata. Hence periodical contractions of the muscles of 
the vessels result, the so-called respiratory movements of the vascular system, 
which are associated with the movements of respiration (Hering, Wien. Silzgsber., 
10th Dec., 1809). 

Special vaso-motor nerve-centres exist for the various vascular prov¬ 
inces. 

Aocording to Schultz’s experiments, sections and irritations of the cervical sym¬ 
pathetic and spinal cord show no constant influence upon the vessels of the brain. 
Their nerves probably take their origin within the cranium itself. 

Vessels probably possess in their walls nerve-ganglia, which govern their 
size. This is corroborated in part by the direct influence of the tempera¬ 
ture, in part by pathological observation. 

The conditions mentioned which influence blood-pressure in an impor¬ 
tant manner are: every enlargement of the channel is followed by a lower¬ 
ing of the pressure; every contraction, by an elevation of it. The former 
occurs after section of the spinal cord, and after section of the splanchnics; 
the latter during irritation of the spinal cord, and during irritation of the 
splanchnics. The muscles of the small arteries and veins in the whole 
body, or in a large vascular district, contract by irritation, e.g. of the 
splanchnic n., whence the arterial blood-pressure increases. For, in the 
first place, by contraction of the vessels their blood is driven to the right 
side of the heart with increased velocity, and the right side and secondarily 
the left side, in a unit of time, contains more blood. In the second jflace, 
contraction of the small arteries causes increased resistance at the end of 
the arterial current; the disproportion between the quantity of blood enter¬ 
ing the arteries and the quantity leaving them, in a unit of time, increases 
considerably; consequently, also, the pressure of the blood in the large 
arteries increases. Finally, this disproportion is increased by the activity 
of the heart, increased secondarily in consequence of the elevated intra- 
cardial blood-pressure. (Investigations of Ludwig, Bever, Bezold, Cyon, 
and others.) 

Got.tz (1. c.) has already rendered justly prominent the significance of the activity 
of the vaso-motor nerves, with respect to the velocity of the blood-current. 

According to Dogiel’s investigations on the influence of the nerves upon the circu¬ 
lation of the blood iu the lower extremities (Arch. f. d. ges. Pity*. , 1872, V., p. 130), 
there appears during irritation of the crural or sciatic nerves a retardation of the blood- 
current, and an elevation of the blood-pressure in the femoral artery. A prime con¬ 
dition here is the contraction of the transversely striated muscles. Every contraction 
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produces in the vessels of the lower extremities a fluctuation in the blood-stream, i.e.., 
retarding it; but this retarded blood-stream in the arteries and veins of a limb is 
accompanied by an acceleration of the blood-stream in the other and quiet limb. At 
the same time a slower blood-current has more time for interchange of material; 
thus more oxygen is consumed and more carbonic acid is formed. (By this is explained 
the utility of active and passive gymnastics.) 

Excitation of sensory nerves is followed, for the most part, by a reflex contraction 
of all vessels, and therewith elevation of blood-pressure; as said above, there appears 
in the region of distribution of irritated sensory nerves, mostly dilatation of the ves¬ 
sels, and this may give rise to a decrease of blood-pressure. After removal of the 
cerebral lobes, or after narcotization of animals, there always arises dilatation of 
vessels only, never contraction ; but this is not true of vessels within the region of 
distribution of irritated sensory nerves. After extirpation of the cerebral lobes or 
narcotization, irritation of sensory nerves is followed always by a decrease of blood- 
pressure. but never to so great a degree as during irritation of the depressor nerve. 
(C VON, Bull. d. Petersb. Acad., XVI., p. 97, 1871.) 

According to SciIlFF, not only the small arteries (Ltjdwig-Tiiiry), but also the 
large trunks in many, probably in all parts of the body, dilate after section of the 
cervical portion of the cord. The chief cause of the heart’s feebleness and of the 
diminished blood-pressure lies, consequently, in the increase of volume of the large 
dilated vessels, which in their spacious channels retain a great quantity of blood, 
which can no longer return to the heart, and thus is withdrawn from the circulation. 
Such an animal is therefore relatively anaemic ; blood is wanting, because a great 
quantity of it is retained at the periphery. 

According to Pick ( Arch. f. Aunt. Phys. it. iciss. Med., 1872, p. 563), the intensity 
and quickness of appearance of the reflex contraction of vessels are in direct ratio 
to the strength of the sensory irritation. Different parts of the body need differ¬ 
ent degrees of irritation, to call forth an equal contraction of the vessels. The 
time of contraction and its intensity vary indirectly to the size of the vessel. Dimi¬ 
nution in the velocity of the current goes hand in hand with contraction. Contrac¬ 
tion mostly follows dilatation, which Pick, differing from Lovrn, found proportion¬ 
ate to the previous contraction. Dilatation is a sign of exhaustion. 


Vaso-motor nerves seldom run an independent course, but are, for the 
most part, mixed with other motor or sensory nerves, going with them a 
greater or less distance, and then branching from them to the vessels. 
Concerning the distribution of the vaso-motor nerves in single regions and 
organs of the body, we know with precision very little. In the head, 
most of the nerves of the vessels travel with the trigeminus; the remainder 
are furnished by the cervical sympathetic, some also by the facial nerve. 
The nerves of the vessels of the upper extremities (skin and muscles) pass 
from the lower cervical portion of the spinal cord through the anterior 
roots and communicating branches into the thoracic cord of the sympathetic. 
Those for the lower extremities pass from the dorsal portion of the spinal 
cord into the sacral cord of the sympathetic ; those for the intestines 
run in the splanchnic nerves. 

While the nerves just described are nerves of contraction, and belong to 
the sympathetic, there are besides, for isolated parts of the body, nerves 
of dilatation which arise immediately from cerebro-spinal roots. Nerves 
of this kind pass in great number in the facial nerve to the mucous, lachry¬ 
mal, and salivary glands. After irritation of the chorda tympani, there is 
an active determination of blood to the submaxillary glands; the veins are 
tilled to excess with bright red blood. To this class belong the nervi erigen- 
tes, irritation of which causes an increased and accelerated flow of blood to 
erectile tissues; the blood flowing out after having filled the latter tissue is 
bright red. Irritation of these nerves causes erection of the penis. 

The nerves supplying the veins are anatomically but little known; but 
physiological observations testify to the presence of the so-called tonus of the 
veins. The latter, like that of the arteries, is influenced by the great nerve- 
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centres. Paralysis of the tonus in a large vascular region is, from purely 
mechanical reasons, followed by a lowering of the heart’s action. Destruc¬ 
tion of the brain and spinal cord arrests, after a time, the circulation, be¬ 
cause with a loss of the tonus of the vessels the heart’s action becomes 
inefficacious, for the vis-a-tergo which tills the diastolic heart is the tension 
in the veins ; if this ceases, the heart remains empty in diastole, and the 
blood ceases to circulate. The tonus is sufficiently increased if either the 
medulla oblongata or spinal cord is left. Restoration of the circulation 
after great losses of blood is accomplished in great part by this tonus. 

Consult Goltz (1. c.). The following experiment by Goi.tz (Arch. f. d. ges. Phys ., 
1871, V., p. 53) shows that the veins like the arteries contract under the influence 
of the central nervous system and force their contents into the heart: If. from two 
frogs, the brain and spinal cord are removed from the one and not from the other, 
and both are suspended perpendicularly and their aortas cut, scarcely a drop of blood 
escapes from the former, while 1-2 C. cent, flows from the latter. The mesenteric 
veins of the former are flaccid and dilated, their contents sink from gravity into the 
most dependent parts; the veins of the bleeding animal are narrower. Bernstein 
(Bert. klin. Wsahr. , 1872, No. 28) places another interpretation on this experiment. 
In the frog with uninjured spinal cord, the resorbed fluid is driven by contraction of 
the vessels towards the opening of escape, and space is thus provided for the liquid 
flowing out of the lymph-sac. If, on the other hand, the spinal cord is destroyed, 
and with it, therefore, this power, the contents cease their movement in the vessels, 
and the slight pressure upon the liquid in the lymph-sac is insufficient to overcome 
the obstruction. 

The capillaries are without nerves. Concerning the influence of the 
nerves on THE lvmphatics likewise little is known. It is known that ir¬ 
ritation of tlie nerves accelerates the flow of lymph already in the vessels, 
but never induces one not present. 

Section of the cervical sympathetic, which increases the velocity and tension of 
the current in the capillaries, but at the same time, by the warming of the tissues, 
reduces friction in the capillaries, in some cases accelerates the separation of the 
lymph, in others not. During the reddening of the skin (by injection of tinct. opii 
into the veins) the blood-pressure in the carotids is often at the same time lowered, 
and the discharge of lymph is for the most part considerably increased. (Ludwig. 1 

According to Goltz (1. c.) there proceeds from the brain and spinal cord a force 
by which, after interruption of the circulation of the blood, a more abundant stream 
of liquid is driven out of the lymph-sacs into the vessels, heart, and aorta. This in¬ 
fluence of the central organs on absorption may probably be reflex, through irritation 
of distant centripetal nerves. 

What is true of the veins and arteries, with respect to nerve-influence, is probably 
true also of the contractile lymphatic vessels. 

Much less known than the influence of the nerves upon the circulatory 
apparatus are those movements of the heart and vessels which occur 
independently of the nerves. The movements of the heart, besides 
being dependent on the vagus and sympathetic and its own ganglion cells, 
depend upon material changes in its muscular substance, and upon the 
uninterrupted supply of oxygenated blood: change in its temperature, in 
its contained oxygen, carbonic acid, etc., induces changes in the movements 
of the heart. The latter depend, too, on the resistance of the mass of 
blood, the number of movements increasing with the blood-pressure in the 
arteries, etc. Thus, in general, we sui’ely know numerous forces which 
influence the heart’s movements, but individually these cannot with cer¬ 
tainty be discovered. In the arteries, and probably in the veins, motor 
phenomena are known, which are independent of nervous influence. 
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ScniFF first observed quickly alternating contraction and expansion of the arteries 
in the ear of a rabbit. These movements were observed by Schultz in the arteries 
of the pia mater cerebri, and by Coiiniieim in a frog’s tongue. They are independent 
of vaso-motor nerves (for they continue unchanged, after section of all the sympa¬ 
thetic and cerebro-spinal nerves), of the heart’s motion, and of respiration. According 
to Bu unton (Arb. cpus. d. phys. Inst. zu Leipzig , 180!), p. 101) such vacillations were 
also found in all other exposed arterial branches of the skin and connective tissue. 

Secnle eomutum and ergotine are followed in their use by contraction of the small 
arteries, and thereby by elevation of blood-pressure : the former is dependent upon a 
direct influence on the muscular structure of the vessels (Brown-Sequard). Ac¬ 
cording to Brunton, nitrite of amyl acts also directly upon the smooth muscles of 
the arteries, while it lowers arterial pressure by diminishing the resistance of the 
circulation. After its inhalation, there immediately arises an intense reddening of 
the face, with a feeling of great heat in the face and head, strong injection of the 
conjunctiva, increase of the pulse (20-110 beats), diminution of tension of the radial 
art., farther on faintness and feelings of distress in the pit of the stomach. 


1. AN/EMIA : ISCHAEMIA. 

Local anaemia, or isch.emia, is that condition in which the quantity of 
blood of a portion of the body, or of one, or many parts of it, is either 
diminished, or less in proportion to the blood-supply of the rest of the body. 
In the dead body an organ is called anamiic if less blood flows from its 
cut surface, or if fewer points of blood are observed and the vessels are 
emptier than in the normal state; if the organ appears paler, or, at least, is 
deprived of its color, for the normal color of organs depends upon the red¬ 
ness of the blood and the proper color of the organs. For this reason, too, 
not all organs, e.g. pigmented lungs, become pale by anaemia. Besides, the 
size of anaemic organs is diminished, their weight less, with less turgor and 
resistance. 

From examinations of the dead only, it is not always possible to conclude with 
safety respecting the blood-supply during life and before death : this is demon¬ 
strated by many clinical observations, as well as by experiments on animals. Thus 
by the latter method, Ackerman ( Virch. Arch., XV., p. 401) showed that death by 
suffocation is always associated with anaemia of the brain, and that the often per¬ 
ceptible hyperaemia of the brain in the bodies of those who had been suffocated is 
always the consequence of a mechanical gravitation of the blood, and thus is a 
phenomenon of death. 

The causes of local aslemia sometimes appear alone, sometimes simul¬ 
taneously with other important conditions, especially with general arnemia 
(after loss of blood, etc.) and with diminished activity of the heart. 

1. Mechanical, or passive anaemia arises most often from pressure, 
which, caused sometimes by external, sometimes by internal forces, affects 
either the vessels altogether, especially the arteries, or only the capillaries 
(pressure upon the veins alone causes venous hypersemia). Amemia from 
pressure on the surface, e.g., occurs from pressure by articles of clothing, 
bandage, etc.; in internal parts, from strong muscular contractions, accu¬ 
mulated secretions, dropsy, exudations, extravasations, contractions of 
cicatrices, new-formations of every kind; in the lungs, in marked emphy¬ 
sema ; in the intestines, in high degree of meteorism; in the brain, in 
fractures of the skull with depression, etc. These forces are of especial 
importance when the organ pressed upon cannot turn aside, as in the closed 
skull, or when only a trifling avoidance is possible, as in the spinal canal 
and in the thorax of old people. 

2. Anaemia occurs from contraction or occlusion of arteries, and 
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thus is a consequence of arrested blood-supply : arterial iscii.emia. This 
form of anaemia arises, besides, through pressure on arteries, especially in 
places where avoidance of it is impossible ( e.g ., the art. cruralis above the 
pubes, various arteries beneath firm fasciae), through laceration, ligation, 
and obliteration of arteries, through autochthonic and embolic thrombi, 
through inflammations, fatty degeneration, etc., of the arterial wall— espe¬ 
cially if a collateral circulation does not sustain the blood-supply. 

Here also in part belong many so-called collateral an.emi.e, e.g. , the collateral 
anaemia of the brain in expansion of the arteries of the thyroid gland, in paralysis of 
the splanchnic. 

3. Idiopathic, or spasmodic an.emia, or ischaemia arises, sometimes from 
direct influences, e.g. cold, upon the arterial muscles themselves, or upon 
the capillaries; sometimes through contraction of the arterial muscles in 
consequence of an irritation or excitation of the sympathetic. The latter 
occurs at the centre of the vaso-motor nerves, in their course or at their 
extremities; it happens directly, or in a reflex manner. Here belong: 
emotions of a depressing nature, as terror, fear, grief, expectation; excited 
passions, as anger; many convulsions, local as well as general (e.g., so-called 
reflex epilepsy) ; the first stage of ague; many paralyses (limbs paralyzed 
for a long time are mostly pale, cool, their pulse smaller and less distinct) ; 
many hyperaesthesiae; electricity; perhaps the habitual use of alcohol and 
intemperate tobacco smoking (see p. L G1 ); many medicaments, means for 
arrest of blood-flow, or styptics, particularly lead, ergot, the sulphates of 
iron, zinc, copper, etc., perhaps also tannin and the mineral acids ; some 
narcotics, to wit, opium; digitalis. 

Brown-Sequard first demonstrated, that by electric irritation of the sympa¬ 
thetic, conditions opposite to those caused by its division occurred, but more slowly : 
namely, contraction of the vessels, paleness and lowering of the temperature of 
the part. 

Strieker (1. c.) observed the almost entire closure of many capillaries (perhaps 
only young ones) after chemical and electrical irritations. The contracted capil¬ 
laries were so pale, their contours so ill-defined, that they could hardly be distin¬ 
guished from the surrounding tissue. This is independent of the nerves. Similar 
conditions occur probably during the action of many poisons, in mucous membranes 
brought in contact with the poison. An affection of the oesophagus resulting from 
the action of caustic alkalies, seen by myself, supports this. (Nageu, Arch. d. 
Heilk ., XIII., p. 221.) 

Among the medicaments referred to, some especially are frequently employed to 
induce local or general anaemia. To the former belong the so-called styptics ; to the 
latter, especially ergot (see p. 185) and digitalis. The latter, after injection of strong 
doses, causes a contraction of small arteries, eg., of the mesentery, even complete 
closure of some, and thereby an increase of arterial blood-pressure. 

According to Durois-Hey.mond (Arch. f. Amt., u. s. w., 1880, p. 461), those cases 
of migraine in which the affected half of the head is pale, etc., depend upon a tetanus 
of the muscles of the vessels of the part, so-called hemierania sympathico-tonica. 
With the abatement of pain the affected ear reddens and becomes subjectively and 
objectively warmer, in consequence of the fatigue of the arterial muscles. 

Traube (1). Klin., 1884, Nr. 17) accounts for all febrile phenomena, by assuming 
a tetanus of the small arteries, chiefly of the small vessels of the body, abundantly 
provided with muscle-fibres. (See Fever.) 

Along with anaemia of one part of the body, there is always found hyper- 
semia of one or more other parts : collateral or compensatory hyper.emia. 
Collateral hyperaemia occurs sometimes only in the immediate neighbor¬ 
hood of anaemic parts (the so-called hypersemic area around inflammatory or 
exudation area, and new-formations), sometimes at a greater distance from 
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them, as in hyperaemia of the upper lobes of the lung, in anaemia of the 
lower from pressure, etc.; hyperaemia of the brain, lungs, etc., in anaemia of 
the extremities. Sometimes it affects the same organ, parts of which are 
anaemic; sometimes it affects organs at a distance {e.g., in the action of 
intense cold, in the cold stage of ague). Its extension is quite the same as 
that of anaemia if that of the latter is small, so also for the most part is that 
of the former; if anaemia affect the whole skin, or a large portion of the 
intestines, hyperaemia also can affect many internal organs. Collateral 
hypeaaemia is sometimes arterial, when arterial blood flows out of the 
vessels in the vicinity of the anaemic part into the latter; sometimes venous, 
when venous blood pours into the empty capillaries and veins, behind the 
contracted arteries, the lateral pressure being diminished. Collateral 
hyperaemia sometimes lasts long, sometimes it passes away quickly, when 
the blood is not long retained in the vicinity of the anaemic part, but is 
quickly distributed in the general humors. 

The symptoms of anaemia are paleness, lower temperature, and 
diminished function of the parts affected. They are explained, partly by 
the diminished quantity of blood, partly by retardation of the blood-current. 
These symptoms are known with certainty, especially in external parts, 
especially the skin, in the muscles, in the peripheric and central nervous 
system. Besides, they vary greatly, according to the degree of the anaemia, 
its extension, and, at least in some organs (especially the brain), according 
to its origin; also its seat and extent of the collateral hyperaemia, etc. 

Pelechin ( Virch. Arch., 1869, XLV., p. 417) has experimentally, and in surgical 
cases investigated the influence of distant ligation of main arterial branches upon the 
correspc nding capillary and venous circulation. After ligation of large healthy 
arteries the circulation is arrested only where there is present no arterial passage 
for the blood circulation. In all other cases the circulation remains uninterrupted, 
with the only effect of diminishing for a short time the quantity of blood, and the 
rapidity of its circulation. The phenomena of stasis are very marked only in the 
first case, and appear in warm-blooded animals in much smaller proportion, on account 
of the very small channels through which regurgitation is possible, since the larger 
veins are provided with valves. 

According to Saviotti ( Virch. Arch. , L.. p. 592), the circulation in the web-mem- 
brane is retarded after closure of the femoral artery; neither in the arteries, nor in 
the veins are the central column of blood-corpuscles and the peripheric serous zone to 
be distinguished ; rather, the channel of the vessels is uniformly filled by a mass which 
consists of isolated blood-globules floating in serum. The channel is filled full in the 
capillaries and small veins, and the retardation of the circulation in them is greater 
than in the large vessels.; sometimes the blood moves with extreme sluggishness ; the 
marginal zones are not present. The circulation gradually becomes quicker again, 
and S. saw it restored to its normal condition 36 hours after ligation. Irritation of 
the web-membrane here acts just as in the open femoral artery. 

Consult also SAMUEL ( Virch. Arch., LI., p. 41) on the influence of ligation of 
the arteries upon the origin and course of gangrene and inflammation. 

II. Nasse ( Unters. ub die Einflilsse, welclie die Lymphbildung beherrschen, 1871) 
finds an increase of the lymph-current (24-40 percent.) after ligature of the carotids 
The watery contents increase with the decrease in the quantity of lymph. 

The duration of anaemia is, according to its cause, sometimes short, 
lasting seconds and minutes, sometimes longer. Upon this depend in 
great part the results. They are as various in short duration, as the organs 
(the skin contrasting with the brain). In longer duration, on the con¬ 
trary, or in complete anaemia appearing suddenly, the nutrition of the part 
is lessened, even when the anaemia affects the vessels only with respect to 
their function ; it gives rise to atrophy of various forms, even gangrene. 

In anemia of the skin, it appears white or faded, which in the absence 
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of other abnormal colorings of the skin is certainly striking ; it appears to 
have lost somewhat in volume (unless complications, as dropsy, have arisen). 
The sick person, as well as the physician, feels the skin to be colder. Its 
secretion is diminished ; it is dry and, for the most part, without lustre. 
Anaemia of the cutaneous nerves is manifested by diminished functions 
of those nerves: pale, e.g., chilled parts of the skin feel harder, or give the 
subjective feeling of numbness. Operations on such parts are less painful 
(so-called local anaesthesia). 


Anaemia of the skin is shown most clearly daring the action of low temperatures 
(air or water); the skin appears pale, but from long duration of cold it becomes blue. 
The latter arises from the fact that by the retardation of the blood-current the 
blood-corpuscles take up more carbonic acid than normal. 

According to Alsberg ( Marb. Dm., 1813), anaemia (and hyperaemia) of the skin is 
attended by a diminished sense of distance. The sense of temperature is blunted by 
hyperaemia, lessened by anaemia. If the huger is held for a long time in ice-water, 
well-known sharp pains result. If, on the other hand, it is held in cold alcohol, even 
of—5° C., no pain is felt, while the touch is still retained. Glycerine acts in a 
similar manner, while ether gives rise to the same pains as ice-water. This physio¬ 
logically important fact of an artihcial separation of the sense of touch from the 
feeling of pain, is also of value surgically (Horvath, Med Ctrlbl., 1873. Nr. 14). 

Nothnagel (D. Arch. f. kl. Med . 1803, II., p. 173) describes a neurosis of the 
hands and fore-arms dependent on arterial cramp, which consisted in a feeling of 
numbness and tingling or cutting pains, always with a disagreeable sense of cold, 
with diminished sense of touch, and little or no disturbance of motility. The fingers 
and hands were pale, and from •£-2’ C. colder. The phenomena were sometimes 
most marked in the morning after rasing. Warmth moderated them ; likewise irri¬ 
tants to the skin (rubbing, but especially the constant current). Not infrequently 
similar and sometimes painful cramps affect smaller localities, e.g., the ends of the 
fingers, limited portions of one or many fingers. They arise quickly, and disappear 
quickly, or, for the most part, slowly, their duration lasting sometimes weeks and 
months. . 

An.emia of the voluntary muscles, of slight degree, is known by dimin¬ 
ished contractility, stillness and numbness ; if the anaemia is in high degree 
and arises suddenly, it is followed by complete paralysis of the muscles 
(just as in the lower half of the body after ligation of the abdominal aorta, 
in the extremities after ligation of different arteries). 

According to Kuhne ( Konigsb. Ztschr., 1887), the affected muscles, in compres¬ 
sion of the abdominal aorta, remain a long time transparent, if they have lost also 
their power of contraction; the latter returns with the return of the circulation. 
If the muscle-substance is clouded (true post mortem rigidity 1, their irritability does 
not return after removal of the ligature. Rosenthal ( Wien. med. Jahrb., 1872, 
p. 404) found the electro-muscular contractility destroyed, about two hours after 
closure of the iliac and femoral arteries. After removal of the obstruction, con¬ 
tractility was gradually restored. 

The phenomena of an.emia of the muscle of the heart are as yet 
but little known. 

Bezold (Med. Ctrlbl., 1857, Nr. 23) closed with forceps the coronary arteries of 
the heart, after previous section of the n. vagi, cervical sympathetics, and the cervical 
portion of the cord. After 10-15 seconds the heart-beats became less frequent, 
after minutes irregular, after 1-H minutes the ventricles were completely re¬ 
laxed. After removal of the obstruction, the pulsations began again and soon 
became perfectly regular. 


An.emia of smooth muscle-fibres has as yet hardly been considered. 


ISCITiEMIA OF THE BRAIN. 
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According to Oser and Schlesinger {Med. Otrlbl, 1871, Nr. 53. Oestr. Jahrb., 
1872, p. 57), irritation of the central nervous system through interruption of the 
respiration, through acute anaemia, or through interruption of the arterial blood- 
supply, gives rise after a few (10-30, or 80-120) seconds, to a general contraction 
of the uterus (not impregnated). The irritation is communicated through the 
spinal cord. (The blood of suffocation, if it has its origin in suspension of the 
respiration or compression of the aorta, likewise gives rise, only later, to a general 
uterine movement.) 

Anaemia of tiie brain, in its highest grades, if general in extent and of 
very quick origin, as from ligation of all four of the cerebral arteries, is 
followed by loss of consciousness, of voluntary movement, of sensibility 
to irritants, by retardation of the respiration, by acceleration of the pulse, 
dilatation of the pupils, convulsions,—thus resembling an attack of epi¬ 
lepsy or eclampsia. Lighter grades of general cerebral anaemia are proba¬ 
bly, for the most part, the causes of fainting-fits, which affect those who 
had been very sick or are convalescent, during their efforts to sit up in 
bed, stand up, etc. After ligation of one carotid, or after total embolism 
of it or of an art. fossce Si/lvii, there often arises sudden paralysis of the 
opposite half of the body. In the less sudden appearance of anaemia, and 
in individuals of different ages, the symptoms differ and its diagnosis from 
hyperaemia often becomes difficult. Anaemia of single parts of the medulla 
oblongata is of especial importance, because of the many cranial nerves 
which arise therefrom, especially the vagi, and because of the influence of 
these nerves on cardiac and respiratory movements. Sometimes anaemia 
of separate parts of the brain, and hyperaemia of other parts (not merely 
of those in the immediate neighborhood of those affected by the former), 
occur at the same time and give rise to the most complex symptomatology, 
particularly that of pressure simultaneously with that of irritation. 
Anaemia of the brain-substance and similar affections of the meninges 
cannot be separated. Anaemia of the membranes and of most external 
parts of the brain are, usually, simultaneous. 

The acceleration of the pulse (A. Cooper), following closure of the carotids, de¬ 
pends, according to Mosso ( L'Irwparz , 1872, XII., Nr. 17), upon an irritation in 
part of the vaso-motor nerves, in part upon that of the nerves which preside over 
the acceleration of the pulse. The ante ini a does not act as the irritant, but the 
absence of the circulation. M. found, that closure of the common carotids exerted 
a less intense effect than that of the internal carotid; also that after compression 
of the common carotids the blood changes its direction in the internal carotid, and 
flows into the external carotid. 

Kussmaul and Tenner ( Moleschott's JJnters. s. Naturl. , 1857, III., 1), by a series 
of experiments on rabbits, with regard to the origin and nature of epileptoid con¬ 
vulsions in haemorrhage, as well as of epilepsy in particular, obtained important 
results. Convulsions, which appear from haemorrhage in warm-blooded animals and 
man, resemble those observed in epilepsy. Similar convulsions appear, if the brain 
has suddenly been robbed of its red blood, as by ligature of the great arteries of the 
neck. (Also, when arterial blood quickly assumes the character of venous, as by 
ligature of the trachea.) Probably the appearance of convulsions in these cases 
depends upon the suddenly interrupted nutrition of the brain (not upon changed 
conditions of pressure, to which the brain is subjected). Epileptic convulsions have 
their central focus in the excitable regions of the brain, which lie behind the optic 
thalami: Anaemia of the parts of the brain lying anterior to the crura, gives 
rise in man to loss of consciousness, insensibility and paralysis. The blood of the 
cranial cavity is greater in quantity after ligature of the arteries than after bleeding; 
the want of blood always affects especially the small arteries, capillaries and smallest 
veins. [See K. and T. on Epileptiform Convulsions from HcemorrTiage. New Syd. 
Soc. Trans., Lond. 1859.— Ed.] 

According to SCHULTZ (Petersb. med. Ztsclir., 1870, I. H., p. G4), the iris and fissure 
of the lids at first contract after ligature of the carotid and vertebral arteries; the 
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lids close spasmodically; the animals are unconscious and show no reaction to 
external irritants; the eye-balls are drawn back in the orbits, and turned upward 
and outward ; respiration is accelerated. After 10-20 minutes (?), the respiratory 
movements become slower, the cervical muscles are paralyzed, the head drops upon 
the breast, the animal bends over, the pupils dilate, and the eyes become prominent. 
Then tonic contractions of the cervical muscles aud general convulsions appear. 
The extremities contract in clonic form; then the convulsions become more tetanic, 
and finally disappear altogether. These attacks last |—2 minutes. After a short 
pause, then begins a second, aud third attack, but always weaker and shorter than 
before. If the ligature be removed, respiration quickens, and consciousness returns. 
Microscopical examination, if carotids and vertebrals are simultaneously ligated, 
shows a distinct paleness of the cerebral vessels, a distinct movement of the blood- 
corpuscles in the small arteries, the blood-movement appears in the veins, the mass of 
blood-corpuscles loses in density. 

Notiinagel (1. c.), from experiments, by which he observed the vessels of the 
pia-mater through a trepliine-hole in the skull, thinks that many epileptic attacks 
have their origin in a reflex contraction of the cerebral vessels (with these the vessels 
of the pia have a common origin) in consequence of irritation of peripheric sensory 
nerves. Many cases of so-called reflex epilepsy testify to this. (See p. 162.) 

The signs of so-called compression of the brain, besides which there often exist 
at the same time concussion and contusion (in consequence of fractures of the skull 
with depression, haemorrhage, etc.), are, in general, loss of consciousness, sleepiness 
(or sopor, coma, stupor, etc.), normal cardiac and respirator}’ movements or retarda¬ 
tion of both, etc. According to PagensTeciier, a pressure upon the brain, sufficient 
to destroy life, must amount to about 180 mm. quicksilver, and thus equal the blood- 
pressure in the carotids. Consult text-books on surgery. Also the experimental 
investigations of Hegelmayer, Die Athembeicegungen beim Hirndruck, Tub. Diss., 
1859. Leyden, Virch. Arch .. 1865, XXXVII., p. 519. Jolly, Unters. ub. d. 
Gehirndruck u. uber die Dlvtbewegung im Schddel , Wurzburg, 1871. Pagenstecher, 
Exper. u. Studien uber Gehirndruck , Heidelberg, 1871. 

Sciiiff’s experiment demonstrates the crossed conduction of sensations. During 
compression of the carotids near the larynx, there appear formication, slight feeling 
of warmth in the extremities, and half of the head of the other side. During com¬ 
pression of longer duration, there arises decrease of sensibility to pain and pressure 
in the parts of the opposite half of the body. 

According to Durham ( Guy's Hosp. Rep., 1860, VI., p. 149), anaemia of the brain is 
the normal condition in sleep). This is shown by examination of the brain through a 
hole in the skull made by a trephine, during sleep from chloroform; as soon as the 
animal awakes, the surface of the brain reddens and bulges out of the cranial open¬ 
ing. According to Obersteiner (Allg. Ztschr.f. Psych., 1872, XXIX., p. 224), the 
accumulation of acids arising from fatiguing activity in nerves (Funke) and brain 
(Heidenhain) causes fatigue of the brain and sleep : and indeed anaemia acts like 
hyperaemia, etc. [Consult, W. A. Hammond, Sleep and its Derangements , Phila., 
1869.— Ed.] 

Anaemia of the spinal cord gives rise to paralysis of sensation aud 
motion of all tlie nerves of the extremities given off below the part 
affected (most so-called paraplegiae), also of those of the trunk, respiratory 
muscles, bladder, and contraction of the pupils, according to the extent of 
the anaemia. 

Isch.e.mic paralyses are those in which the motor affection of innerva¬ 
tion is dependent on a cutting off of the arterial blood supply in certain 
parts of the nervous system. 

Stenon already in 1667 demonstrated the same fact, by compressing or ligating 
the abdominal aorta in rabbits, beneath the point at which the renal arteries are 
given off: after a few minutes there appeared complete paralysis of the hind 
extremities, which in compression of short duration, after a. short time, again passes 
away. The paralysis did not proceed from the muscles, as Stenon and others believed, 
but from experiments by Longet, Sciiiff, Sciiiffer, etc., it has its foundation in 
the arrested excitability of the spinal cord and peripheric nerves : closure of the spinal 
branches of the lumbar arteries, entering through the intervertebral foramina, is 
followed by an anaemia of the spinal cord, probably chiefly of the gray substance. 
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Kussmaul (Berl. klin. Wchnschr ., 1872, Nr. 37) found in a case of so-called 
tetany (Corvxsart’s), which was characterized by attacks of tonic convulsions of 
many symmetrical muscles of all four extremities, the signs determined by Trous¬ 
seau, that, to wit, in the intermediate parts free from convulsions, convulsions 
appear as soon as pressure is exerted upon the principal artery of the member. 

The secretion of glandular organs is diminished in consequence of 
an.EM i a, and probably also changed. 

In the kidneys there arises, e.g., in incomplete filling of the left side of 
the heart and incomplete filling of the renal arteries, a diminution in the 
quantity of the urine; the urine is deficient in water, concentrated, dark, 
urates easily precipitate in it, because they are relatively increased. The 
same thing is observed when a large quantity of water is excreted through 
the skin (in great sweats). In the liver, the separation of bile is dimin¬ 
ished after closure of the portal vein ; and yet it stops completely if the 
hepatic arteries also are obstructed. A diminution of secretion also occurs 
in anaemia of the glands of the mucous membranes. 

That local anaemia diminishes the secretion of bile, is shown by the experiments 
of Heideniiain (Reizung der Gefassnerven), PFLUGER (directe electrische Reizung 
der Leber), and Ranke (gesteigerte Arbeitsleistung der Korpernmsculatur). 

Concerning an.emia of the vessel-wall, see Embolism. 

General phenomena, in consequence of anaemia, occur only when the 
latter is very extended (e.g., in common coldness, as after marked and 
sudden cooling of the surface of the body, and in intermittent fever, where 
anaemia affects the whole skin), or when important nerve-centres are the 
seat of anaemia, etc. General phenomena then have their foundation in 
compensatory hyperaemia of other important organs, especially of the brain 
and lungs, or in changes in the heart’s action, blood-pressure, etc. 

The general consequences of irritation of the splanchnic nerves are, physi logically, 
known with certainty. After irritation of the cut splanchnic nerve, there arises an 
anaemia of the abdominal vessels (since every muscular movement, every inspi¬ 
ration diminishes their contents), and considerable increase of blood-pressure. 
By irritation of the peripheric extremity of the splanchnic, the pulse becomes SLOWER; 
by irritation of the central end, the pulse is MOSTLY accelerated. With respect to 
these experiments we have only isolated pathological examples: best known is the 
large and slow pulse in many cramped states of some abdominal organs. 

Ligature of the carotids causes an increase of blood-pressure, and, in consequence 
of the cerebral amemia, an increase in number of heart-beats. Mosso found, that 
increase of blood-pressure following closure of a carotid is to that following closure 
of both iliacs as 4 :1. Here the curve of the tracing, steep and sudden, kept at an 
almost equal height, and, with the removal of the ligature, suddenly returned to the 
normal state; then it was irregular, and later, gradually disappeared. A greater 
frequency of pulse occurs also from like causes, in the change from a horizontal 
to a vertical position (Mantegazza, Gazz. med. ital. Lomb., 1808, pp. 337, 362). 

Blood-pressure rises, by irritation of the spinal cord and consecutive contraction 
of almost all the small arteries of the body, with or without destruction of almost 
all the cardiac nerves. 

Sczelkow (Ztschr. f rat. Med ., 1863, XVII., p. 120) found a lowering of the 
temperature of the body and a diminution of excreted carbonic acid in rabbits, 
whose abdominal aorta he had compressed. 

Fainting daring the presence of pleuritic exudations is, according to 
Trousseau, dependent upon displacement of the heart from its natural position, 
and the resulting torsion of the great vessels connected with it, especially the aorta. 
Bartels {Arch. f. klin. Med.. IV., p. 263) seeks his explanation in this: the large 
venous trunks, and especially the vena cava ascendens, suffer, by the heart’s dis¬ 
placement, an almost right-angular bending, where the cava passes through the 
middle tendon of the diaphragm to enter the pericardium, and where it is firmly 
attached to the borders of the quadrilateral foramen. 
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2. HYPEREMIA. 

Local hyperemia is the term applied to the increase of the blood con¬ 
tained in more or less dilated and, for the most part, also lengthened vessels 
of an organ or of a part of the body, so that the normal fluctuations of 
the quantity of blood are exceeded. 

Local hyperaemia is active or passive. Those hypersemise are called 
active which appear in consequence of relaxation of the vessels, so that 
the usual blood-pressure alone causes a more excessive filling of them. On 
this account, this form of hyperaemia is known also as atonic, relaxative, 
paralytic, or, because it most often acts upon the arteries, arterial. 
Finally, of equal significance is the name congestion, etc. Those hvperae- 
miae are called passive, whose principal cause is the increase of resistances; 
since here a mechanical force is often interposed, it is also called mechan¬ 
ical, or, since this force most often lies in the veins, venous. In both 
forms of hyperaemia there is present a dilatation of the finer vessels ; this 
dilatation is primary in active hyperaemia, in the passive form, secondary. 

Collateral, or compensatory hyperaemia is almost always active or 
congestive, and occurs only with partial anaemia. It occurs, if the blood, 
arrested in its course by an obstruction, e.g ., by ligature, etc., seeks other, 
near or distant channels. (See p. 166.) 

How different active and passive hyperaemiae are. according to cause, symp¬ 
toms, etc., is best observed as they affect a single organ, e.g., the kidneys. Active 
renal HYPERAEMIA arises from excessive filling of the vascular system, as after 
abundant drinks; from hypertrophy of the left ventricle ; from the use of diuretics ; 
from compression, etc., of the abdominal aorta below the renal arteries, also from 
obstruction to the circulation in the capillaries of the skin in the cold stage of vari¬ 
ous diseases (so-called Collateral hyperaemia), etc In all these cases the hyper¬ 
semia affects chiefly those parts of the kidneys whose blood has to overcome the 
greater resistance in the arteries which supply the Malpighian bodies. The chief 
symptom is an increased secretion of urine ; the urine is more dilute, paler, and of 
diminished specific gravity. If the blood-pressure in the Malpighian bodies becomes 
still greater the urine is albuminous, or even bloody. Passive hyperaemia of 
the kidneys has its origin in many diseases of the heart, in contraction of the 
vena cava and of the renal veins, in various diseases of the lungs, etc. Here, 
the blood increases in the veins and capillaries, less in the vessels belonging to the 
Malpighian bodies. It is noteworthy that there is always present a low tension of 
the blood in the renal arteries and their branches, and a high tension of the blood 
in the capillaries. The chief symptoms are, diminished urinary secretion, increase of 
its specific gravity and of its solid constituents, and the presence of albumen, blood, 
and casts. 

Both active and passive hyperaemiae may be acute or chronic. The for¬ 
mer are more often acute, the latter mostly chronic. 

The diagnosis of hyperaemia in the dead body is in many cases altogether 
impossible, since active hyperaemia of external parts (as of the skin in 
scarlet-fever, erysipelas, etc.), of external mucous membranes, as well, pro¬ 
bably, as that of many internal organs also, disappears entirely, or almost 
entirely, for reasons not yet sufficiently known, with the appearance of 
death. With respect to single organs, no permanent advance has been 
made, since a safe opinion is reached only through long experience in 
autopsies, and since in each special case respect must be had to the blood- 
contents of the whole body. In the cadaver, hypersemia of an organ is 
generally much oftener assumed to exist than is true, especially because 
most form their opinion of the blood-contents of single organs in the bodies 
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of those chiefly who have been affected with acute or chronic anaemic 
diseases. 

A hyperaemic organ in the dead body is darker colored, from light to the 
darkest red, without any appearance of the normal coloring. Its size is 
somewhat increased, it feels somewhat firmer, but in reality with less con¬ 
sistency ; it is heavier. More blood than usual flows from its cut surface. 
Hyperaemia chiefly affects the capillaries, so that the organ has a uniform 
redness, withou the individual vessels being seen by the naked eye. The 
capillaries have an especial arrangement, as appears from their injection : 
e.g., finely punctated in the villi of the mucous membrane, in the Malpig¬ 
hian bodies of the kidneys, in streaks in the muscles, etc. It is impossi¬ 
ble to distinguish between the appearances dependent on injection of the 
arteries and those dependent on injection of the veins, except that in ven¬ 
ous hyperaemia there is present a bluish coloring. If the small veins and 
arteries are overfull of blood, the surface appears injected with a red 
material, forms a red network, or assumes a form differing in accordance 
with the disposition of the vessels of the part. The remaining tissues of a 
hyperaemic part are diminished in size in correspondence with the increase 
of blood, etc. 

An increase of the quantity of blood is impossible, without extension of 
the district supplied, therefore the vessels are found always dilated, also 
for the most part elongated, and, on this account, abnormally tortuous; 
the dilatation is sometimes uniform, sometimes spindle-shaped or pouched. 
The blood in the fine vessels is mostly richer than usual in blood-cor¬ 
puscles ; the corpuscles lie so close to one another, that the vessels often 
appear filled with an uniform dark red mass, and the individual corpuscles 
can no longer be distinguished. 

Iu a case of very marked hyperaemia of the lungs in well-developed leucocythaemia, 
the lungs appeared flaccid, and as if in the stage of gray hepatization. 


A. ACTIVE, OR ARTERIAL HYPEREMIA: CONGESTION. 

(Relaxative or paralytic hyperaemia. Fluxion. Turgor. Orgasmus. Determina¬ 
tion of blood.) 

Active hyperemia consists in an increased, and at the same time for 
the most part accelerated, flow of blood into the arteries of a part, because 
either the blood-pressure of that part is increased, or because its resist¬ 
ances in proportion to the force of the blood are diminished. 

The quantity of blood in a part depends upon the number and size of the 
afferent arteries, as well as upon the velocity of the current within them; 
the number of the arteries is constant; their size is subject to the influence 
of the nerves; the velocity of the current is dependent upon the greater or 
less distance from the heart, and the number and angle of the branches, 
etc. 

That hyperaemia is functional, which probably all organs show during 
their activity: the muscles, etc., during motion, the stomach and intestines 
during digestion, etc. 

According to Ranke {Die Blutvertheilung und der Thiitigkeitxwechsel der Organc , 
1871). the whole amount of the blood of the organism is primarily diminished by tho 
activity of the muscles, and this diminution is proportionate to the muscular action. 
The habit of muscular labor is followed secondarily by increased amount of the whole 
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blood. Long continuous rest reduces it. In animals at rest, there is found about 
one-quarter of the amount of the blood in the heart and great vessels, one-quarter in 
the muscles, liver, and remaining organs. The motor apparatus of tetauizcd rabbits 
during muscular contraction contain a mean of about 29.4 percent, of the whole 
amount of blood more than the same apparatus of rabbits during rest. The portion 
of the amount of blood, which is contained in the motor apparatus in the quiet state, 
is during contraction increased by a mean of 8(5.6 per cent, up to 66.0, an in¬ 
crease of 80 per cent. During tetanus there is found a clear diminution of the flow 
of bile, as well as of the urine discharged by the ureters. 

The above facts explain the long-known hygienic and therapeutic uses of active 
and passive muscular movements, as well as their effects iu various affections, e. g ., 
congestive states of the brain, and of the abdominal organs. 

The causes of active iiyper.emia are: 

1. Compensatory increase of the collateral pressure laterally 

FROM OBSTRUCTIONS IN THE BLOOD-STREAM : SO-Called COLLATERAL HYPER¬ 
EMIA. 

The obstruction may lie in the arteries, in the capillaries, and in the 
veins ; in the last case there arise simultaneously phenomena of both active 
and passive hypersemia. Examples of this kind of collateral hypersemia 
frequently occur also under physiological conditions. If an artery be 
ligated (the best for experimentation is the mesenteric; surgically in ampu¬ 
tations), small branches extend out laterally, and the blood flows through 
them with stronger pressure and increased velocity, and through the capil¬ 
laries into the veins: small, formerly pulseless arteries, even capillaries, then 
show a pulsation, which can be seen and felt, and, e.g., in amputations, 
give rise to remarkably great haemorrhage ; parts of organs, which hereto¬ 
fore were pale, become reddened in greater or less intensity. These condi¬ 
tions of the circulation continue until the excessive stream is distributed 
among the many lateral branches, and so becomes equalized. Greater 
obstructions in the capillary system of an organ or part of an organ, as bv 
constricting cicatrices, by new-formations of all kinds, by pressure chiefly, 
by capillary embolism, in the vicinity of inflamed parts, give rise to neigh¬ 
boring hypersemia. In marked meteorism, etc., we not infrequently see 
hypersemia of other parts, e.g., of the brain. Severe external cold, and the 
cold stage of fever, offer farther striking examples; while ansemia extends 
throughout the surface, the blood flows in greater quantity and with greater 
force into the internal organs, giving rise to hypersemia of the viscera of 
the cranium, thorax, and abdomen. (The contrary is seen in the applica¬ 
tion of Junod’s boots; the extremities become filled with blood; then 
results collateral ansemia of the brain and lungs, with consequent vertigo 
and shortness of breath.) In the veins, collateral hypersemia is mostly of 
little importance, because their anastomoses are very numerous, and their 
walls thinner and more yielding. Contraction or closure of a small or 
middle-size vein is unimportant, if its collateral branches be numerous; 
contraction of the superficial veins is followed by dilatation of the deep 
veins, and vice-versa. If all the veins of a part be closed, their blood has 
the same lateral pressure as the afferent arteries ; but if only a few veins 
are impassable, the lateral pressure of those remaining open is increased, 
and the velocity of the blood is greater. 


Collateral hypersemia lias a prominent significance (if we exclude surgical cases, 
where its importance is at once perceived) especially in many diseases of the lungs. 
e.g., in thrombosis and embolism of the pulmonary arteries, in infiltrations, emphy¬ 
sema, compression by pleural exudations. It sometimes occasions dyspnoea, as well 
as death in the early stages, e.g ., of pneumonia. In compression of one lung we see 
in this way collateral hyperaemia of the other ; in pulmonary emphysema of the 
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upper lobes, we find hyperaemia of the lower, and thence bronchitis, etc. Collateral 
hyperaemia is likewise important in so called granular kidney; here numerous glo¬ 
meruli and tubules are destroyed, so that the blood flows through the open vessels 
with greater velocity and under increased pressure. The quantity of the excreted 
urine is normally great or increased ; the urine itself is clear, pale, and of light spe¬ 
cific weight. The utility of hot local baths, of local irritations, depends essentially 
on their producing collateral hyperaemia. 

In collateral hyperaemia the blood-current is sometimes to be found turned in 
the opposite direction. This i^ most- easily observed in cases of great collateral 
extension of the epigastric and other veins, in complete closure of the trunk of the 
vena portae, or in granular liver. 

Samuel {Berl. Ctrlbl., 18(59, No. 25) has experimentally demonstrated that the 
nerves exert an influence on the accomplishment of the collateral circulation; it is 
retarded in proportion to the sensory nerves cut across at the time of ligating the 
carotid. But if the carotid be ligated, and if at the same time, paralysis of all three 
sensory nerves (n. auric, major and minor , and auric.-temp.) and of the cervical 
sympathetic be induced by section, the collateral circulation will be restored already 
by the second day. 


2. Absolute decrease of resistance. 

a. Quick removal of external pressure. If apart lias been for a long 
time subject, in a normal or abnormal manner, to a certain pressure, the 
quick removal of the latter occasions an active hyperaemia in that part. 
As examples : haemorrhage into emptied Graafian follicles; dry cups and 
J ounod’s boots; puncture of hydrocele, of ascites; section of the ocular 
muscles in operations for squint; that of the cornea in operations for 
cataract; extirpation of large tumors, which compress vessels ; healing of 
strictures. Deep inspirations during contraction of the glottis, e.g ., in 
laryngeal croup, are followed by rarefaction of the air in the bronchial 
tubes and air-cells, and thence by hyperaemia. 

b. Relaxation, or paralysis of the muscles of the walls of the ves¬ 
sels from greater warmth, or from direct or reflex paralysis of the sym 
pathetic ; so-called relaxative, or paralytic, or asthenic hyperaemia. 

External warmth gives rise in many cases to hyperaemia; its action 
in the form of baths, fomentations, etc., is often employed therapeutically. 
In a similar manner the heat of the blood acts in fever. 

Paralysis of the sympathetic is direct or reflex. 

Direct paralysis of the fibres of the sympathetic takes place in their 
course, at their origin, or at their termination. 

Section of the sympathetic alone, as it has very often been performed 
in various parts of the body, for experimental purposes, is one of the most 
perceptible causes of hyperaemia. (See p. 1G0.) 

Sections of other, mostly mixed neramjs (e.g., the sciatic, ulnar, etc.), 
or of purely sensory nerves (e.g., the trigeminus), which have happened 
experimentally in animals, traumatically or therapeutically in man, act as 
if these nerves contain vaso-motor fibres. Also pressure upon these nerves, 
or new-formations in them. 


The best known and the most important sections of nerves in experimental pathol¬ 
ogy have been those of the trigeminus, which, since Magundie (1824), have been 
frequently repeated. These sections are followed by hyperaemia of the conjunctiva 
and cornea, of the mucous membrane of the mouth and nose, with consecutive dis¬ 
turbances of nutrition. Many pathological cases also are to be traced to the same 
causes, or to compression or degeneration of this nerve, but seldom to the same 
affection of other nerves: so-called direct neuralgic iiyper/EML-e, i.e ., hyper- 
annia. elevation of temperature, and for the most part also swelling of the same 
parts, appearing during a neuralgia or remaining behind after its disappearance. 
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Whether affections of the terminal sympathetic nerves cause hyperaemia, 
it is for the most part difficult to determine, since many affections of this 
kind may also be reflex in character. The so-called aneurysma cirsoideutn 
(varix arterialis) probably belongs to this class. Various affections of the 
brain and spinal cord give l’ise to hyperaemia, only through the interposi¬ 
tion of the sympathetic. In this relation are known the hyperaemia de¬ 
pendent upon the emotions of a violent kind (fear, anger, passion, sensual 
desires), and those following injuries and many diseases of the spinal cord, 
less often of the brain and its meninges. 

Budge, Waller, and Sciuff first demonstrated that injury of the medulla ob¬ 
longata had the same consequences as section of the sympathetic. In section of a 
lateral half of the medulla there appeared hyperaemia and increase of temperature of 
the lower parts of the extremities on the side of the section, of the body, upper arm, 
and upper part of the thigh on the opposite side (Schiff). 

Reflex paralysis of the sympathetic arises most often from irritation 
of sensory nerves. The dilating action of an irritated sensory nerve does 
not, for the most part, extend beyond the limit of the region supplied by 
the affected nerve (p. 162). The reflex act takes place probably in the 
medulla oblongata. This reflex paralysis of the vaso-motor nerves has been 
experimentally demonstrated in many vascular regions {art. auricularis , art. 
saphena , art. dorsalis penis). 

Lovkn (Ber. d. Sachs. Acad.. 1886, p. 83), who made these experiments, showed 
further that irritation of the sensory nerves, besides causing dilatation of the arteries, 
is also followed by a retardation of the heart’s action, and that the dilatation of the 
vessels is often preceded by a contraction of short duration. 

According to Herman* and Ganz {Arch. f. d. ges. Physiol.. 1870, III., p. 8), the 
danger of cold draughts in the heated body lies in the effect of cold upon the nervi 
splanchnici and the resulting elevation of the arterial blood-pressure. Since inspira¬ 
tion, and perhaps still other compensatory processes, prevents in great part this 
increase of blood-pressure, the danger becomes insignificant. It becomes greater in 
failure of the compensation, etc. 

Perhaps also in this way may be explained the hyperaemia of the intestinal mucous 
membrane, which frequently follows extensive burns, and which may progress (es¬ 
pecially in the duodenum) to haemorrhage and ulceration. 

H. FiscnER (Yolkmann, Samml. him. Vortr., 1870, No. 10) seeks to establish 
surgical shock as a reflex paralysis of the vaso-motor nerves, especially of the splanch- 
nics, dependent upon traumatic concussion. Shock occurs especially after wounds, 
respiratory concussions and contusions of the thorax, abdomen, testicles; after lux¬ 
ations, after contusions of the bones, after sudden and great losses of blood, after 
many surgical operations (reduction of large hernice, ovariotomy, etc.). 

The so-called reflex neuralgic hyper.emia, arising from similar tran¬ 
sient or continuous causes, or occurring during the progress of neuralgia, 
has long been known, but not explained. Here we have hyperaemia of the 
mucous membrane of the nose in irritation of it; that of the conjunctiva in 
over-exertion of the retina, in tooth-aclie; liyperaemise of the head after 
meals; priapism during irritation of the urethra by gonorrhoeal poison; 
congestions of the liver from spirituous liquors and strong spices; pulmon¬ 
ary hyperaemia from the respiration of very cold, still oftener of very hot 
air, as well as of air suspending irritating substances, as dust of all kinds. 

Many articles of food, medicaments and poisons, act directly, or in a 
reflex manner on the sympathetic: thus alcohol, coffee, tobacco, opium, 
atropia. 

The action of the so-called irritants is probably to be explained in this 
manner. Among these are many with which we are acquainted, like cold, 
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which tend to produce, first, a contraction of the smaller vessels ; then, longer* 
employed, a dilatation. Electric currents generally contract the vessels; 
but strong currents especially, as well as weaker ones acting for a long 
time, dilate them. The same is true of volatile and strong materials, 
which produce redness of the skin (mustard, cantharides, acids, ammonia). 

O. Neumann ( Prag. Vjschr., 18615, I., p. 1; 1807, I., p. 133), as well as Mante- 
GAZZA (1860), have examined the physiological action of irritants of the skin (so-called 
epispastics). 

That many contagions and miasms are followed by congestions of certain 
organs is a subject which belongs to special pathology. It is an interesting 
fact that these congestions vary in different epidemics, according to inten¬ 
sity, extension, locality, etc., e.g. in scarlet fever. 

Ln many cases hypersemia of a part follows amemia of the same part: 
especially is this true of ansemise dependent upon external cold, as well as 
upon excitation of the sympathetic. This is most favorably demonstrated 
in the production of local anaesthesia by means of the ether spray. The 
cause here lies partly in the removal of the influence of the nerves, partly 
in an exhaustion of the smooth muscle fibres. 

c. Nutritive disturbances in the walls of the vessels, observed in 
their lighter forms in the vicinity of wounds, in inflamed parts, as well as 
in their more marked forms in chronic arteritis, fatty degeneration of the 
muscular coat, etc., as is often the case in old persons. Accelerated movements 
of the heart, from whatever cause (movements of the body, the use of spiri¬ 
tuous liquors, emotions), are then followed by hypersemise in the regions of 
less resistance. 

According to Virchow, intercurrent attacks of vertigo, loss of consciousness, faint¬ 
ing. are, in old people, often the consequences of this form of hypenemia. 

The causes of many tolerably constant, and symptomatically not unimportant 
hypersemire are unknown : thus the circumscribed redness and increased warmth of 
one cheek in pneumonia, mostly on the same side as the diseased lung’, the circum¬ 
scribed redness and elevated temperature of both cheeks in tuberculosis, etc. 

The causes of the habitual tendency to congestions which many indi¬ 
viduals present, with respect to certain organs, e.g. the brain, lungs, liver, 
kidneys, thyroid gland, are unknown. They may depend upon a low power 
of resistance of the arteries and capillaries, as well as upon special condi¬ 
tions of the sympathetic, or sensory nerves. Likewise is it unknown why 
in hypertrophy of the left side of the heart congestions often appear in 
various organs. The manifold congestive states are also worthy of notice, 
which appear in girls before the first appearance of the menses, or before 
the appearance of each menstrual act, as well as those which appear in the 
climacteric years: in the former the thyroid body is most often affected ; in 
the latter, various organs. 

The symptoms of arterial hyperjemia are easily recognized externally 
in parts exposed to view. And yet a similar behavior, also, in hypenemia 
of internal organs can, with the greatest probability, be inferred, especially 
since a number of internal organs, in the hypenemic state, have been ob¬ 
served immediately or mediately (by the ophthalmoscope, laryngoscope, 
etc.) with the naked eye, or by means of the microscope. Their knowledge 
becomes important from the fact that many affections of daily and hourly 
occurrence to the physician, for the most part quickly appearing and quickly 
12 
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disappearing, depend upon them; and that hyperaemia is the introduction 
to many haemorrhages, dropsies, and especially inflammations. 

The symptoms of hyperaemia are partly those which result directly from 
the increase and acceleration of the blood-current (injection, redness, pulsa¬ 
tion), partly those which are distant results (elevation of temperature, 
swelling, increased nutrition). The last, increased nutrition, results either in 
an increase of function (the so-called functional hyperaemia of the muscles, 
brain, glandular organs), or in an increase of secretion (skin, kidneys); or, 
if of longer duration, in hypertrophy and new-formation (sometimes as fat, 
sometimes as true hypertrophy of the muscles, sometimes as heterogeneous 
new-formations). 

The behavior of the smallest arteries and veins, as well as of the capil¬ 
laries and lymphatics in hyperaemia, is still little known. Dilatation of 
the bloodvessels is easily and with certainty established. Doubtless they 
become more porous, so that more serum and plasma pass through their 
walls, while red and white blood-globules do not, as in inflammation, 
usually pass through, or only in insignificant numbers. The plasma-layer, 
so-called, perhaps disappears in the smaller arteries and veins, so that red 
and white blood-corpuscles fill the whole vessel. The blood at first, from 
microscopic observations on the web-membrane and mesentery, flows more 
quickly—in consequence of the diminished arterial resistance from dilata¬ 
tion ; if the arterioles be considerably dilated, the current will become 
slower—in consequence of the increase in size of the channel. 

Lortet found in the horse, that the velocity of the blood in one carotid was con¬ 
siderably increased during ligation of the same vessel of the other side. Dogiel 
(see p. 162) could not corroborate this in the dog and rabbit. 

According to the usually accepted view, the quantity of lymph found in a part of 
the body at a given moment increases with the increased blood-supply, as well as 
with the hindering of the reflux into the veins and lymphatics ; lymphatics are the 
chief regulators of the turgor of the tissues. (If this regulation be prevented, oedema 
appears.) 

According to Golgi ( Virch. Arch ., LI., p. 568), the perivascular lymph-spaces of 
the brain (which according to G. are connected with those of the pia and indirectly 
with those of the arachnoid) are compressed in the more vigorous filling of the blood¬ 
vessels hyperannia), but are filled in diminished blood-pressure. 

G.3STII.JENS {Beitr. z. Circul. in d. Schiidelhole , Dorp. Disx., 1872) injected defibrinated 
blood into the carotid of a horse under high pressure, and measured the ljunph 
flowing in short fixed periods of time from the large cervical lymphatics. With the 
beginning of the injection and immediately thereafter, the flow of lymph rose con¬ 
siderably, and indeed so quickly that it could not be assumed that there was an 
increased transudation from the bloodvessels into the perivascular spaces, but a 
mechanical pressure of the fluid out of the latter. Herein consists the possibility of 
a quick equalization, under sudden increase of blood-pressure within the cranial 
cavity. Should the increased pressure be of longer duration, an increased transuda¬ 
tion takes place, and with it oedema of the brain, with symptoms of compression. 

A stronger filling of the vessels, so-called injection, is the most striking 
symptom of congestive hyperaemia. At first the arteries are the vessels 
concerned, sometimes also the veins ; for the most part then there arises a 
close capillary injection. The latter is sometimes circumscribed, sometimes 
diffused. Certain organs are more disposed to circumscribed injections, 
since their vessels have relatively few anastomoses, e.f/., the lungs, spleen, 
kidneys; or there are certain parts within the organs which serve as the 
seat of congestion, as the small glands of the skin and of the mucous mem¬ 
branes, the Malpighian bodies of the kidneys. Injection is most marked in 
clear and transparent organs (conjunctiva, retina), as well as in soft pliable 
parts (e.g., in the mucous membranes, lungs, as opposed to fibrous and 
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osseous tissues). In opaque parts, e.g. the skin, there is found oidy red¬ 
ness. 

The reddening of hypenemic parts is a consequence of the greater quan¬ 
tity of blood in the dilated vessels, as well as of the greater proportion of 
blood-globules in this blood. The arrangement of the vessels and relations 
still unknown give it various forms: it is punctiform in organs which con¬ 
tain papilke or tufts, streaked in muscles, etc.; it is sometimes spotted, as 
in measles; sometimes more punctated, as in scarlet fever; sometimes uni¬ 
form, as in erysipelas. It is made to disappear by pressure, but on its 
removal returns again very quickly. If the liyperaemia remain long the 
vessels become considerably dilated and the circulation retarded, thus 
giving a more intense color to the blood-globules, and consequently a 
bluish-red color to the parts, as is most often seen in parts of the skin which 
have been chilled : then under pressure there appears at first a brick-red 
color, later only the bluish-red color reappears. 

Partial congestive hyperemia (in the hand or foot) was seen by Hater {Arch, f. 
klin. Chir., XII., p. 1) in so-called arterial transfusion. 

The feeling of pulsation, which the sick often experience in congested 
parts, is in consequence of the diminished elasticity and tonus of the 
vessels. It is especially frequent and troublesome in headache and tooth¬ 
ache. Sometimes the pulsation is objective, e.g., as in puls at io epigastrica. 
In many cases a pulse is felt also in arteries which do not normally sliow 
any pulsation. 

The temperature of the hypenemic part rises in consequence of the 
more vigorous flow of blood into the dilated vessels. This rise again dis¬ 
appears after previous section of the cervical sympathetic, and after 
compression or ligation of the supplying arteries. It does not appear if 
before section of the sympathetic the carotids and vertebral arteries have 
been ligated. The rise in temperature is not merely with respect to the 
feelings of the sick, whose external parts are accustomed to a lower tempe¬ 
rature, because these lose much of their warmth through radiation, but it 
is also objective, and reaches to 3" C. For the patient the increase in tem¬ 
perature is sometimes the only and most troublesome symptom, e.g., in 
congestions of the face. 


Experiments of Bernard, Kussmaul and Tenner, Yirciiow, Sciiiff. 

Experimental section of nerves, e.g., of the brachial plexus, of the sciatic, is fol¬ 
lowed (besides by the loss of motion and sensation) by immediate dilatation of the 
vessels and increase in temperature (Bernard, Sciiiff, etc.). Similar cases from 
gunshot wounds of the nerves in man with consecutive elevation of temperature were 
observed in the late American war by Weir Mitchell, Morehouse, and Keen. 
Most of the cases from human pathology opposed to this, are to be explained by the 
fact that they came under observation only after a longer time after the reception of 
the injury; then mostly stagnation-hyperemia, retardation of the circulation and 
decrease of temperature were present. 

Experimental sections, lacerations, etc., of the upper part of the spinat. cord, 
likewise cause a considerable increase in the temperature of the whole body (or 
fever). Spinal paralysis less frequently than those of peripheric origin are followed 
by rise in temperature, etc. Hutchinson found the lower extremities affected 
by a pungent heat after injuries in the lower dorsal and lumbar region, their skin 
dry, the tibial arteries more easily felt, dilated and throbbing; their temperature at 
first was considerably increased. Levier and Coi.in saw similar effects from 
hemorrhage and inflammation of the spinal-cord. 

In cerebral hemiplegia, a rise in the temperature of the paralyzed is for the 
most part found at first, however hardly reaching .1° C. The temperature becomes 
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normal again with tlie healing of the hemiplegia. In very long duration of the hemi¬ 
plegia the same or a diminished temperature is found. 

The swelling of hyperaemic parts is mostly trifling and is to be seen at 
once in the skin, visible mucous membranes, thyroid body. It usually 
appears more marked only after a longer duration of the hyperaemia. It. 
is greater in proportion to the vascularity, softness, and pliability of the 
tissues, as, e.g., in the face (thickened cheeks from tumors in the gums), 
in the arch of the palate, in the thyroid body (congestive goitre). The 
swelling of hyperaemic organs is not infrequently prevented by the sur¬ 
rounding parts; thus the increase in size of the brain by the closed skull, 
also, in part, that of the liver, spleen, kidneys, etc., by their capsules. The 
material exuded from the vessels, “ exudation of hyperaemia,” occurs 
according to locality, as oedema (collateral oedema), as dropsy, as blennor- 
rhoea, as albuminous urine, as increased wound-secretion, etc. The swell¬ 
ing arises from the dilatation of the capillaries and their greater porosity, 
in consequence of which more serum or plasma is transuded, than can be 
carried away by the lymphatics or consumed by transformation into tissue. 

The common cases of acute rheumatism of the joints consist in hyperannia and 
serous accumulations in the cavities of the joint and in the parts surrounding them. 
This is demonstrated by examinations in the living, and perhaps also by its quick 
appearance and disappearance (spontaneous, or after local therapeutic interference, 
etc.) : autopsies usually furnish negative results. 

Grueniiagen (.Konigsb . med. Ges ., Nov., 18(56) advises that certain painful operations 
(reduction of strangulated hernia, removal of foreign bodies from the canals of the 
body) be undertaken where possible only after preceding local anesthetization (by 
ice, ether-spray, etc ); for repeated irritation of sensitive nerves produces local dila¬ 
tation of blood-vessels and cramming of the affected tissues with blood. 

Haemorrhages worthy of notice appear only where the vessels were 
already brittle, as is often the case in the brain; or after very sudden 
removal of external pressure (operation for hydrocele, ascites), or in opera¬ 
tions for cataract (haemorrhage into the retina, even with its detachment) ; 
or in very quickly appearing collateral hyperaemia, as in the opposite side 
of the brain, after ligation of the common carotid; or in more frequent 
return of hyperaemia, and, when the tissues are tender, as bleeding from 
the nose in childhood, bleedings of the air-passages and lungs in youth, 
cerebral hannorrhage in more advanced age. 

According to more recent experience, very small bleedings from the uninjured walls 
of vessels occur in every hypermmia even of short duration. But also somewhat 
greater capillary bleedings take place, probably very often in hyperaemic parts, but 
for the most part present no symptoms, because the blood exuded is carried away 
as soon as it reaches the origin of the lymphatics. 

Pain in active hyperaemia is often wanting ; or it is only dull, or a sense 
of tightness or of heat; it is rarely severe, as, e.g., in carious teeth. 

Functional disturbances in congestions are of various importance. 
Function is sometimes slightly more active, sometimes enfeebled. In con¬ 
gestions of tiie brain there arise phenomena sometimes of irritation, 
sometimes of pressure, sometimes of both at the same time, sometimes 
only of the former, sometimes only of the latter. These phenomena belong 
to the psychical, sensory, and motor spheres in various degrees and propor¬ 
tions. Most often there exist symptoms of increased irritability (photo¬ 
phobia, irritability on account of noises), flashes of light, humming in the 
ears, formication; besides, a feeling of unrest, change of disposition, giddi- 
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ness, hallucinations and illusions, even delirium, sometimes convulsions; 
sometimes attacks of mania, etc. Every increase of blood-pressure in the 
brain causes excitation of the nervi vagi , and hence reduction of the pulse. 
The symptoms of congestion of the spinal cord are still little known: 
this is in part the condition in spinal irritation. In active hyperaemia the 
skin is affected with sensations of heat, prickling, itching, and an imperfect 
sense of touch. Congestive iiypeilemle of the lungs of moderate 
degree present no symptoms; they are followed by a lively interchange 
of gases. High degrees cause diminished size of the alveolae, short¬ 
ness of breath, fulness or constriction of the chest, asthma, sometimes 
short cough; expectoration of frothy sputa streaked with blood is seldom 
present. In the highest grades, which sometimes appear as an acute affec¬ 
tion (without demonstrable cause, or after closure of the pulmonary 
arteries; apoplexy of the lung), are strong constriction of the chest, even 
danger of suffocation, great dyspnoea, frothy sputa or the same mixed with 
blood, etc.,—finally the symptoms of acute pulmonary oedema. 

According to Tn. Weber (Ber. d. Naturf.-Vers ., 1872, p. 159) many forms of 
nervous asthma, so-called, are dependent upon a hyper* mi a of the bronchial mucous 
membrane, in consequence of nervous influence. I have seen an old man who had 
been many years sexually continent as a widower, and who, having married again, 
experienced the severest pulmonary congestions (great dyspnoea, cough, bloody and 
serous expectoration) at each attempt at coition. 

The secretions become changed in many ways by congestive hyperaemia. 
They mostly become more abundant, either from the beginning or after a 
short duration of the hyperaemia: thus that of the skin, mucous mem¬ 
branes, kidneys, salivary glands, lachrymal glands ; the secretion of wounds. 
The cpialitative changes of the secretions are still little known: in general 
they appear thinner, as the milk during emotional activity; the urine 
becomes more abundant and watery, often also albuminous. 


Increased sweating in consequence of collateral hyperaemia is also not infre¬ 
quently seen in the neighborhood of the larger cicatrices (after deep bums, coufluent 
small-pox). 

In the skin, the arterial blood-current divides into three streams occupying three 
planes: one for the adipose tissue, one for the sweat-glands, and one for the papillae. 
The veins, in many plaoes forming a sort of net-work in the upper cuticular layer, 
are the beginning of the collective veins, which convey the venous blood of all three 
blood-streams to the subcutaneous veins. (Secondary vascular loops from the papil¬ 
lary stream supply the muscular apparatus, the excretory ducts of the sweat-glands 
and the nerves.) Under certain conditions one or another of these blood-courses 
may become closed. If, e.g ., the skin of the palm of the hand becomes cooled, its 
papillary layer filled with blood, and there exists an abundant and continuous secre¬ 
tion of sweat, there is a contraction of the arteries supplying the papillary stream 
above both of the deeper vascular layers of the skin, while the blood-streams for 
the sweat-glands and fat are not affected. The blood present in the venous net-work 
of the papillary layer acts like that of a dead branch of the other blood-streams in 
the skin. While the force of the papillary blood-current sinks from contraction of 
the arteries, that of the sweat-glands and adipose tissue remains undisturbed; the 
lateral pressure in the upper collective veins of the skin is somewhat increased, the 
papillary net-work cannot empty its contents into veins, its blood is perhaps dammed 
back. (Tomsa. Arch. f. Dermnt. u. Syph. , 1873, V., p. 1.) 

Albuminuria in granular kidney, where numerous blood-vessels are obliterated, is 
explained by the fact, that animal membranes, which under moderate pressure are 
impermeable to albumen, allow small quantities to pass through during an increase 
of pressure (collateral hyperaemia). (Bartels.) 

Knoll (Eckiiardt’s Boitr ., 1871) found that after section of the splanchnics the 
secretion of urine increased considerably on the operated side, while upon the other 
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side it remained unchanged. The light-colored urine, in the first case, showed only 
a slight diminution in the per-cent, of solid ingredients and urea. The appearance 
of albumen, as well as the frequent occurrence of an alkaline reaction, is not con¬ 
nected with section of the splanchnic nerve. 

Especially interesting in many neuralgias are the objectively-shown hyperannia* 
and disorders of secretion : in neuralgia of the first branch of the trigeminus there 
occur redness of the conjunctiva and increased lachrymation; in neuralgia of the 
second branch, sometimes watery or mucous secretion from the nasal mucous mem¬ 
brane ; in that of the third branch, frequent salivation. 

Disturbances of nutrition appear only after a longer duration, or more 
frequent return of liyperannia: the vessels remain dilated, their walls 
gradually thicken relatively to their lumen. By these means there arise 
not only permanent changes in the circulation, which with respect to 
the existence of the collateral circulation are of great importance; but 
also permanent nutritive disturbances, which are shown sometimes in phy¬ 
siological hypertrophy (in muscles, bones), sometimes are of a pathological 
nature, as hypertrophies of the skin, bones, glands, thickening of the 
arteries and continued disturbance of function, as, e.g ., in the brain of the 
intemperate. As soon as true nutritive changes appear in hyperaemic 
parts, active liyperaunia passes into atrophy, hypertrophy, or inflammation. 

A large number of experimental sections of vaso-motor nerves have shown, that 
nutritive disturbances in liyperaunic parts appear more easily and quickly in young 
than in older animals ; that they are sudden and severe inversely as the hyperaemic 
part is protected from external injurious influences (Sciiiff. Snellen. Meissner, 
and others). Correspondingly, great nutritive disturbances in man are proportionately 
lighter, if the sensory and motor nerves are paralyzed at the same time with the 
vaso-inotor nerves; as especially in severe diseases of the spinal cord and brain. 
See also the interesting case observed by the author, in Hanel, Z. Casuist, d. 
vasomot. Neur., Leipz. Dis. , 1808, p. 10. 

Collateral hyperannia in the vicinity of new-formations and the consequently 
increased supply of nutritive material, probably in part cause their quicker growth. 


General symptoms in consequence of liyperaunia occur only when the 
latter is very extensive: e.g., in the heat of fever, when it affects the 
whole skin, either in burning of the surface, or in paralysis of the splanch- 
nics, when it affects most of the abdominal organs. The general symptoms 
have then their origin partly in anaemia of other important organs, espe¬ 
cially of the brain and lungs; partly in changes in the circulation (decrease 
of blood-pressure, retardation of the pulse), respiration (dyspnoea), tempera¬ 
ture (decrease), etc. 

Physiologically, the general consequences of section of the n. splanchnici and of 
the upper part of the spinal cord are accurately known. After section of the 
former beneath the diaphragm there follows a determination of blood into the 
ABDOMINAL VESSELS, the BLOOD PRESSURE IS LOWERED, THE PULSE BECOMES 
QUICKER and SMALLER (iu consequence of anaemia of the brain, especially of dimin¬ 
ished tonus of the roots of the vagi). The small and quick pulse in many cases of 
acute geueral peritonitis is probably thus explained. After section of the upper part 
of the spinal cord there follows general dilatation of the vessels and decrease of blood- 
pressure : at the same time there is a lessened frequency of the pulse (Ludwig). 

After extensive burns of the surface, there follows dilatation of the superficial 
vessels with consequent abnormal supply of blood and elevated temperature, on the 
one hand ; on the other hand, the dilatation of the vessels causes a diminution of 
the blood-pressure, and finally paralysis of the heart. Both explain the manner of 
death from great burns, better than the earlier assumption of nervous collapse, etc. 
(Falk, Virch. Arch ., 1871. LIII., p. 27.) 

According to Heidenhain, an increase in the pressure of the aortic system and 
a diminution of temperature in the interior of the body appear through irritation of 
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a sensory nerve or through direct irritation of the med. oblongata : the latter effect 
is dependent upon an increased temperature of the surface. See also Loven 

(p. 160). 

In later years, a few special, more or less obscure diseases have been proposed as 
consequences of a diminished function of the sympathetic : Basedow’s disease* 
(Trousseau, Remak, Recklinghausen, Graefe, Gkigel), diabetes (Schiff, 
etc.), intermittent ophthalmia (Edmonstone, etc.; Eulenberg-Landois).— 
According to Risel (I). Arch. f. kliu. Med., 1870, I., p. 34), the coeliac plexus and 
semi-lunar ganglia, nerves lying in the neighborhood of the coeliac artery, are 
affected in morbus Addisonii. In consequence of this, the vaso-motor nerves are 
paralyzed, the abdominal vessels are overfilled with blood, while all other vessels are 
deprived of it. 

B. PASSIVE OR MECHANICAL IIYPER.EMIA. STAGNATION OF BLOOD. 

(Infarction. Venous hyperaemia.) 

Passive iiyper.emia consists in an increased quantity of blood in a part, 
less often through primary decrease of the general blood-pressure, usually 
through increase of the resistances to be overcome (hindrances to the flow 
of blood out of the veins), or through both causes at the same time. The 
blood then stagnates more or less in the venous radicles, if the hindrance 
is not quickly removed again, or if the blood does not find a lateral chan¬ 
nel. The latter is never entirely the case, and thus there results a retarda¬ 
tion of THE circulation within the hypenemic region (opposed to active 
hyperaemia, where the blood current is usually accelerated). This is further 
promoted through the greater extent of the venous system in proportion to 
that of the arterial. 

Tiie causes of passive iiyper.emia are : 

1. Decrease in the heart’s energy (mostly from albuminous or fatty 
metamorphosis of the heart), as it occurs in severe acute diseases, in fevers 
of long duration (hectic, typhous, pyiemic, etc., fever), or, without fever, in 
marasmus of different kinds, without increase of local, resistances. The 
consequences of decrease in the heart’s energy appear in those places chiefly 
which are farthest from the heart (hands, feet, ears), or in those in which 
one of the following causes is added. 

O. Weber (1. c., p. 55) designates as isch.emic hyperemia those arrests of the 
blood in the veins after closure of tiie arteries supplying them, especially 
in incomplete collateral circulation. In the affected capillaries and veins the pressure 
ceases altogether with the closure of the arteries, or is considerably diminished. The 
veins are over-filled with blood, and with the capillaries are widely distended : there 
result exudations of the serum of the blood through the walls, haemorrhages, etc. 

2. Diminution or entire loss of the tonus of the veins (see p. 1(53-4) 
is sometimes found after the operation of extreme cold or heat, as a‘ conse¬ 
quence of severe inflammations of the walls of the veins or of their sur¬ 
rounding tissues, probably also through disturbances connected with the 
influence of the nerves. 

According to Falk ( Virch . Arch ., 1871, LIII., p. 27), the dilatation of the vessels 
of the skin, which appears in consequence of extensive burns, is not congestive in 
character, but a result of diminished elasticity of the walls of the vessels and of the 
surrounding tissues. 


* This should be called Graves’ disease by right of priority.—[E d.] 
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3. Increase of local resistances. Such exist, first of all, in the 
chronic form of arteritis, which, through its effect on the inner coat, increases 
the friction of the blood passing over it, and through those on the middle 
layer, diminished elasticity and contractility of the vessel. Many hypene- 
mise and haemorrhages in inflamed parts, in tumors and their vicinity, 
depend upon this. 

The natural effect of the difficulty is chiefly on the veins. It appears as 
soon as the muscles become relaxed, or are only partially active. In men 
who stand long (type-setters, bakers), or who are sedentary (students), or 
who lie for a long time (men with fractures of the lower extremities, sick of 
all kinds), it leads to dilatation of the veins and, especially in cases of the 
last-mentioned kind, to hypostases. These are met with chiefly in the skin, 
of the back and hips, heels, trochanters; in the scrotum; in the posterior 
and lower parts of the lungs; sometimes also in the back part of the brain 
and spinal cord, bladder, prostate, uterus; in the posterior surface of the 
kidneys; in the deeply lying portions of the intestines. These hypostases 
occur on both sides from continuous lying on the back; in the correspond¬ 
ing side, in protracted lying on one side. Hypostasis of the lungs is pro¬ 
moted by the weakness of the respiratory muscles, want of force in the 
heart’s contractions, atony of the vascular coats, perhaps also by blood- 
changes. 

Members, especially the fingers, which are stiff in their joints after old inflamma¬ 
tions, are often colored bluish-red, and are subjectively and objectively colder. 

Choking—congestions in the stricter sense, iiyper.emia: of com¬ 
pression, arise where a direct obstruction renders difficult the flow of 
venous blood and a sufficient collateral circulation is not present. Here 
belongs compression of the veins, e.g. of those of the pelvis and lower 
extremities by the pregnant uterus; the accumulation of fecal masses against 
the hiemorrlioidal veins; the action of all constricting articles of clothing, 
especially in women and soldiers; the action of trusses, of bands of all kinds, 
of tumors in the extremities; in narrow cavities, that of exudations; the 
consequences of contractions of cicatrices, as well externally in the skin 
as in the glands, as, e.g., in granular liver, in the kidneys; of strangu¬ 
lation in ovarian tumors; those of the intestinal veins in strangulated 
hernia, of the rectal veins in piles, etc. Farther, the formation of coagu¬ 
lations and concretions in the veins ; the manifold and varicose enlarge¬ 
ment of the veins in the lower extremities, in the seminal cord, in the pelvis; 
in and around the uterus; ulceration of the veins; cavernous dilatation of 
the vessels. 

Contraction of the veins probably also occurs in an independent manner; at any 
rate, we know nothing to the contrary. Experimental examinations of intestinal 
pressure were made by Schweninger (Arch. d. Heiik., 1873, XIV., p. 300). 

Some diseases of the liver, of the connective-tissue and remaining ele¬ 
ments of the fissures of the liver, of the trunk of the portal vein, are followed 
by venous liypenemia of the radicles of this vein; but which may, in part, 
be compensated for by means of anastomoses of the portal vein with other 
veins. 

Many diseases of the heart, especially those in which the blood accumu¬ 
lates in the left ventricle (insufficiency of the mitral valve and stenosis 
of the left auriculo-ventricular opening, etc.), and those of the lungs, in 
which either the aspiration of venous blood is lessened, or its passage 
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through the pulmonary vessels is obstructed, likewise belong to this class, 
although thereby there finally appears hyperseinia of the whole venous sys¬ 
tem. In the cardiac diseases mentioned above, first of all, the flow of blood 
out of the pulmonary veins is obstructed ; farther on the arrest is continued 
through the pulmonal veins, partly into the bronchial veins (hence chronic 
bronchitis), partly through the capillaries into the pulmonary artery, the 
right side of the heart, to the liver and through the capillary system of the 
latter into the abdominal cavity (abdominal hyperaemia). 

According to J. C. Lehmann ( Untersuchungen des BlutdrucJces bei Brustkrank- 
heiten : Bibl. for Larger , July, 1809, p. 1), the changes peculiar to blood-arrest (hyper¬ 
trophy and dilatation of the right side of the heart, cyanosis of the liver and kidneys, 
nutmeg-liver, hypenemic distension of the spleen, cyanotic coloring of the skin, and 
dropsy) occur oftenest and are most marked in chronic bronchitis, while in pulmonary 
phthisis and empyema they are observed most rarely. This does not depend alone on 
the fact that the mechanical obstruction to the pulmonary circulation is greater in 
chronic bronchitis, but upon the aggregate quantity of blood in the body and in the 
whole duration of the disease : the greater the first and the longer the last, so much 
the sooner, cet. par., can congestions appear. Both these last causes are, in chronic 
bronchitis, directly favorable to the development of a congestion, as they cause no, or 
no considerable, emaciation and anosmia, and usually last a very long time; while 
phthisis is accompanied by great emaciation and anaemia, and is of shorter duration. 

An especial disposition to venous hyperaemia is found in certain parts of 
the body: in the haemorrhoidal veins, whose walls have no valves, and 
whose blood has to pass through a second capillary system; in the left 
spermatic vein, since it opens into the left renal vein (frequent cause of 
varicocele on the left side), etc. This disposition is sometimes acquired, 
e.g. in the region of the saphenous vein, from pregnancy, etc.; sometimes 
hereditary, e.g. in the haemorrhoidal veins. 

The symptoms of passive HYPERAEMIA are generally more lasting as those 
of congestion, since their causes are mostly continuous. They also, for the 
most part, appear more slowly than in the latter, and in many cases never 
again disappear. They finally affect all the larger divisions of the body, 
since the causes, for the most part, act widely, and since all.veins freely 
anastomose with one another. 

A dark bluish-red color of the part (an extremity, the lips and mouth, 
etc.) is the most striking symptom. This coloring is in consequence of the 
dilatation of the veins and capillaries, of the greater accumulation of the 
blood-corpuscles, of the retarded circulation, and of the resulting increased 
taking-up of carbonic acid out of the tissues. 

Coiiniieim ( Virck. Arch., XLI., p. 220), in microscopical observation of the web 
of a frog after ligation of the crural veins, saw the arteries and veins dilate only a 
little, the capillaries hardly more than about a fifth of their original diameter. How¬ 
ever, after longer duration of congestion, there appears, as may be demonstrated in 
the visible parts of man and in the dead, a considerable dilatation. In the liver, e.g ., 
this may become so considerable that the hepatic cells altogether disappear, or are in 
various ways compressed. 

Coiiniieim saw the blood-movement a few seconds after ligation of the crural veins, 
become pulsating and rhythmical: by the sudden closure of the veins the resist¬ 
ance in the veins and capillaries so increased, that it was overcome only by the 
systole. 

Coiiniieim farther observed, that after ligation all the vessels become densely filled 
with blood-corpuscles. In the arteries and veins the character of the stream disap¬ 
pears, the blood-corpuscles come into immediate contact with the inner contour of 
the vessel’s wall, the red and white globules in confusion. This is still more striking 
in the capillaries : the quantity of blood-globules becomes greater with every systole ; 
they lie at first with their long axis in the direction of the stream, but soon their 
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surfaces are opposed to the stream. Their contours are still visible. After some 
time, twenty minutes, the capillaries appear filled with an altogether homogeneous 
rod substance, in which only the colorless blood-globules are still visible. After a 
short time this color becomes bluish-red. The movement is at the same time com¬ 
pletely arrested. 

The behavior of the LYMPHATICS in congestive hyperasmia is still almost unknown. 
In the lower grades of it, they are, according to many (Golgi, etc.), considerably 
dilated ; in higher grades and later stages, especially if the parts are dropsical, this is 
certainly the case. ( Vide infra.) 

When congestive hypersemia extends to parts of the skin and to the 
finest veins, whereby the skin, and especially the prominent parts (nose, lips, 
cheeks, fingers), mostly also the visible mucous membranes, become bluish 
colored, these parts are called cyanotic. 

In a narrower sense, by general cyanosis, blue disease, is understood the quickly or 
slowly appearing state, in which there arises a uniform coloration of the whole skin 
and mucous membranes through a restriction to the interchange of gas in the lungs, 
and through a retardation of the blood-stream in the capillaries and veins. 

A lower temperature in passively liyperaemic parts proceeds, in part 
from the slower current of blood, in part from the inconsiderable trans¬ 
formation of material. It is most striking in the peripheric parts subject 
to greater cooling off, and is perceptible as well to the patient as to the 
physician. 

If the stagnation of blood takes place quickly, the temperature of the part is at 
first increased by means of the arterial supply : O. Weber found after ligation of the 
veins in the ear of a rabbit, a rise of from 2 -3° C. 

Large haemorrhages upon free surfaces, or into the parenchyma, usually 
occur only from free and delicate vessels (inner meningeal layers of the 
brain, alveoli of the lungs), or from diseased vessels, or in congestive 
liyperiemia of high degree. ( Vide Haemorrhage.) 

According to Coiiniieim, there appear in the web of a frog, at the earliest forty- 
five minutes after ligation of the femoral vein, at the periphery of the capillaries, 
regularly dilated and filled with a uniform red substance (the confluent red-globules), 
small rounded knots of the same color, which swell out more and more, present 
rounded excrescences, and finally become large, irregular, uneven masses. These 
then fall apart and appear to be composed of red-globules, which now lie outside of 
the vessel. This transmigration of blood-corpuscles takes place also in some of the 
smallest veins, when the aggregation of blood is especially great. It is doubtful, 
that the colorless corpuscles also pass through. According to Bastian {Brit. Med. 
J., 1808, p. 425), red globules, as well as white, leave the vessels in venous stases, 
scorbutus, etc., by means of amoeboid movements. 

Virciiow {Beitr. z. Gebrtsch. , 1872, I., p. 323) has seen chronic hyperoemia exist 
with rust-colored sputa, and later in the dead body true brown induration of the 
lungs in chlorotic women without valvular disease. 

Bleedings, e.g. , into the rectum, from the nose, act favorably on passive hyper- 
lemiae, as well by the local as by the general decrease of the blood-mass. They 
may on this account also be resorted to as therapeutic measures, as for example in 
congestion of the vessels of the head. 

The function of parts is diminished partly on account of the retardation 
of the circulation and of the little amount of tissue transformations, partly 
on account of the pressure which the dilated capillaries exercise upon the 
surrounding parts (brain, glandular cells), partly on account of the dis¬ 
placement of other substances, e.g ., of the air in the pulmonary vesicles. In 
the brain there are presented signs of depression of the psychical, motor, 
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and sensory functions, dulness, vertigo, affections of the senses. In the 
nerves of the extremities there is a feeling of numbness and weakness. 
The number of heart-beats is usually lessened. The vaso-motor nerve 
centres become irritated; small arteries contract, blood-pressure rises. The 
pupils are mostly dilated. In the muscles there appears a diminished 
capacity for motion, as well in those of the extremities, as in the heart; 
also for the most part in smooth muscular fibres ( e.t /., in impaction of the 
intestines). In the respiratory organs also it gives rise to slight or no 
bronchitis and dyspnoea, which sometimes in a chronic manner becomes 
most severe. The glandular organs, in which velocity of the blood¬ 
stream and rapidity of excretion stand in direct proportion one to the 
other, secrete less, the quantity of urine becomes reduced, the urine more 
concentrated, of high specific gravity, albuminous; the sediment, for the 
most part very abundant, contains urates, casts, etc. 

If we breathe in as deeply as possible, and then with the glottis closed, by means of 
the muscles of expiration as well as by compression of the thorax by the arms, the 
greatest possible pressure is exercised upon the lungs, the heart’s impulse and tone 
and pulse gradually become weakened, and may entirely disappear; the cervical and 
facial veins become swollen, the skin and mucous membranes of the head become 
bluish-red. followed by dizziness and even fainting (Ed. Weber, Donders). 

According to Landois (Med. Centralbl., 18(17, No. 10), hypencmic states, especially 
venous stasis of the medulla oblongata, can give rise to attacks of epileptiform 
convulsions. Hermann and Esciier (Arch. d. ges. Physiol., 1870, III., 1 H., p. 3) 
have likewise shown by experimentation on cats, that the same convulsions occur in 
diminished as well as in increased supply of blood to the brain. Hence, the imme¬ 
diate cause of both forms of convulsions is the same, namely, a want of oxygen, 
and the accumulation of carbonic acid in certain regions of the brain. Accord¬ 
ing to Notiinagel (Volkmann’s Samuil. Klin. Vovir., 1872, No. 39), the symptoms 
at the beginning of an epileptic attack (coma and general convulsions) have their ori¬ 
gin in arterial anaemia of the brain, particularly of the pons, and medulla oblongata; 
while those appearing late in the attack (coma, general convulsions, high degree of 
venous hypenemia of the face) proceed from venous hyperaemia. The same irritant, 
which acts upon the centre of respiration in the spinal cord, incites to increased 
activity all neighboring centres concerned in an epileptic attack, the automatic centres 
so-called : the vaso-motor centre, the centre for convulsions, the nuclei of the cere¬ 
bral motor nerves. 

Whilst most functions are diminished by venous hyperannia, a motion appears in 
smooth muscular fibres. According to Meyer and Bascii (Oestr. Jahrb. , 1871, p. 
142), stases of blood in the intestinal canal excite its muscular fibres to motion : 
“ dyspnoea of the intestines causes their contraction.” In the same manner conges¬ 
tive hvperajmia is the cause of movements in the uterus (Oser and Sciilesinger, vide 
p. 109). 

Watery transudations arise very easily in parts which have long been 
subject to venous hyperaemia. They appear in organs of large superficial 
extent (skin, etc.), and in serous cavities, as dropsy. In the mucous mem¬ 
branes there appear chronic catarrhs, as most often affect those of the 
respiratory passages and digestive tract; here the anomalies of secretion 
are still very obscure. 

A moderate swelling of the part is frequent in venous hyperaemia. In 
external parts this is easily demonstrated, in internal parts only in the 
liver (especially in insufficiency of the mitral valve). It is sometimes pain¬ 
less, sometimes connected with a sense of weight, or with a dull pain, a 
feeling of tightness or of pressure. 

Passive hyperaemia of very long duration may be followed by hyper¬ 
trophy of the dilated vessels and of the tissues themselves : the former, 
most often in the leg in varices, also in the anus : the latter in the con¬ 
nective tissue of the skin, mucous membranes, glands (cyanotic induration 
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of the kidneys, etc.). More frequently congestive hyperaemia gives rise to 
atrophy, e. (/., red atrophy of the liver; not infrequently, however, the 
diminution of the part is concealed by the serous swelling. Gangrene 
(decubitus) arises mostly only from external pressure (in the region of the 
liips, etc.), or in total arrest of the circulation. 

General symptoms seldom appear in congestive hyperaemia of single 
parts of the body, but very early in consequence of general anaemia, and of 
the lowering of the blood-pressure, which, e.g ., is present in over-filling of 
the portal vein and its roots (experimentally—in convulsive states ? in 
pressure, etc., upon this vessel), or after burns of the skin of large extent, 
producing dilated vessels. 

Boddaert {Extr. dubutt. de lasoc. de rued, de Gaud.. 1872), by ligation in rabbits 
and guinea-pigs of both external and internal jugular veins, and simultaneous section 
of both cervical sympathetics, produced a not inconsiderable exophthalmos, which 
existed many days, ard again gradually disappeared, with the establishment of the 
collateral circulation. B. ligated also the inferior thyroid veins, followed by swelling 
of the thyroid gland. B. holds the great acceleration of the heart’s contractions, 
from paralysis of the cervical sympathetic, to be the primary condition of Basedow’s 
disease, through which contractions a sufficient emptying of the veins during dias¬ 
tole is prevented and a venous congestion is produced. 

When the causes of venous congestion quickly disappear, there appears 
in a short time a re-establishment of the normal conditions. This may, 
however, also take place if the congestion remain longer; the circulation 
again becomes free, first of all in the veins, then in the capillaries; the 
exuded serum disappears from the tissues through the lymphatics, the red 
blood-globules partly degenerate into fat, parti} 7 enter upon a pigmentary 
metamorphosis. 

Coiiniietm, in his experiments, saw, after restoring the current of the blood by re 
tnoval of its obstructions, the homogeneous red masses (confluent red-corpuscles) 
sometimes in a few minutes again separate into their individual normal elements. 
The red-globules found confined in the vessels' walls in their passage through them, 
partly passed on to the exterior, while others were broken off by the blood stream, and 
are carried onward. All were gone in from twelve to sixteen hours after loosening 
of the ligature. 

According to Guyon {Arch, d Pit i/s , 18(58, I., p. 56), the pulse in the carotid can¬ 
not be felt during strong muscular efforts, as in parturition, while that of the radial 
continues. G. explains this by a swelling of the thyroid gland (from venous conges¬ 
tion) and a simultaneous contraction of the muscles of the neck, so that the carotids 
are compressed by them. In this manner venous congestions in the head and brain, 
threatening danger, may be checked by a kind of self-controlling of the arterial 
supply. 


3. THROMBOSIS AND EMBOLISM. 

The older researches of Wepfer (1658), GonL (1710), etc. J. Hunter, Tv. of a 
Soc. for the Impr. of Med and Chir. Knowl ., 1798.— Hodgson, Von d. Krankti. d. 
Artt. u. Venen. Trausl. by Koberwein, 1817.— Alibert, Rack, sur une occlusion 
pen oonnue des vaisseaux arteriels consideree comme cause de gangrene, 1828.— Francois, 
Ess. sur la gangrene spontan.ee , 1829.— Stilling, Die Bildung u. Meta morph, des 
B'utpfropfes u. s. to., 1834.— Stannius, Ueb. d. krankh. Verschliess. grosterer Ven- 
enstamme, 1889.— Gulliver, Med.-Chir. Transact., 1839.— Zwicky, Die Metamorph. 
des Thrombus, 1841.— Tiedemann. Von d. Vereng. u. Schlicss. der Pulsadern in 
Krankh., 1843.— Paget, Land. Med. Gaz., 1844.— Porta, Belle alterac. patol. dells 
art. per la legal, e la. tors.. 1845.— Hasse, Ztschr.f. rat. Med., 1846, p. 91.— Virchow, 
Ztsc'hr. f. rat. Med., 1846, V. ; Fror.'s Not, 1846; Traube's Beitr., 1846, II., p. 1; 
Arch., 1847, I., p. 272, V., p. 275, IX., p. 307, X., p. 179; Ges. Abhandl.. pp. 57 u. 
219 ; Hdb. d. Path. u. Ther., I., p. 156.— Meinel, Arch. f. phys. Heilk., 1848.— Ben- 
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net, Monthly Journ., 1850. —Senh. Kirkes, Med.-Chir. Transact., 1852. —Ruhle, 
Virch. Arch., 1853. V., p. 189.— Tuffnell, Dubl. Quart. Journ., 1853.— Klinger, 
Arch. f. phys. Ileilk., 1855.— Coiin, De etnboUa ejusque sequelis, 1850; Klinik der 
embolmhen Gefdsskrankheiten, I860.— Duscii, Ztschr. f. rut. Med., C. VII.— Panum, 
Gunsburg's Ztschr., 1856, VII. ; Virch. Arch., XXV., pp. 308 and 433.— Beckmann, 
Virch. Arch., 1857, XII., p. 59.— Scuutzknbkrger. Gaz. med. de Strasbourg, 1857. 
— Frommann, Virch. Arch., 1859, XVII., p. 135— Graefk, AUg. Wien. med. Ztg., 
1859, Xo. 14.—0. Weber, Ildb. d. Chir., 1865, I., p. 69.— Voi.kmann, Langenbeck's 
Arch.. 1866, V., p. 330.— Thiersch, In Pitha-Billroth's Ildb. d. Chir., 1867, I., 2. 
Abth., 2. H., p. 531.— Cohnheim, Unters. iib. d. embol. Proc., 1872. (Consult also 
the literature of PYAEMIA.) 

From various local and general causes there occurs during life, within 
the vessels, * coagulation of their contents. The coagulum is distin¬ 
guished from that arising during the agony, or immediately after death, by 
the term thrombus. Such a coagulation once having taken place, e.g. in 
the veins, the whole channel may become obstructed, and the process con¬ 
tinue peripherically into the smallest branches; it proceeds toward the 
centre as far as the nearest larger inosculating branches; the coagulum 
projects somewhat from the mouth of the vein, and since the blood-stream 
of the other vein comes in foi*cible contact with it, here arises a thrombus 
which may again extend backward into the distribution of the second 
vein. 

But it not infrequently happens that the blood-stream coursing along the 
free unobstructed vessel, comes in contact with the projecting part of the 
coagulum, and carries a piece away along with it. This may also occur in 
a coagulum which does not completely obstruct the vessel. These free 
coagula or pieces, if they belong to the veins of the systemic circulation 
which do not open into the portal vein, must pass the right side of the 
heart; from here they go into the lungs, and are, according to their volume, 
driven into a larger or smaller branch of the pulmonary artery. If they 
have their origin in the roots of the portal vein, they are carried away by 
that vein, and stick fast in its hepatic branches, etc. This occurrence of 
obstructing vessels by coagula which have been transported from other 
parts, is called embolic thrombosis, or embolism. The obstructing plug 
itself is called embolus. 

The thrombus and the embolus are, in the greater proportion of cases, 
coagula of blood; both may be formed of other substances. The conse¬ 
quence, however, is then almost always a coagulation of the blood, for the 
most part around the primary thrombus or embolus. 

A. thrombosis. 

Thrombosis, i.e. the coagulation of the blood within living vessels, 
follows the same laws as coagulation outside of them. ( Vide p. 155.) 

Thrombosis occurs frequently in the heart, in the arteries and in the 
veins of medium size, seldom in the capillaries, oftener again in the lym¬ 
phatics. 

An autochthonous or primitive thrombus is one which remains confined 
in the part in which it first arose, especially in the heart, also in the vessels. 
It lies in contact either with the inner surface of the vessel by a greatly 
varying extent of surface, without sensibly contracting the vessel’s channel. 
Or, it projects farther into the channel, so as to effect a real narrowing of 
the vessel: so-called partially obstructing thrombus. Or, finally, the 
vessel’s channel, to a varying length, is completely closed by the coagulum: 
so-called totally obstructing thrombus. The shape of this thrombus 
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corresponds exactly with that of the vessel: if the latter is large and pouch¬ 
shaped, the former will be globular; if branched, the thrombus likewise 
will be branched ; but its central part, i.e. the end directed toward the 
heart, always takes the shape of a rounded cone, in the arteries as well as 
in the veins. 

A progressive thrombus is one which grows continuously through a 
various extent of the vessel, which, from small beginnings seldom proceeds 
quickly, but for the most part slowly and by sti’ata. In the arteries the 
progress is oftener from the trunks and larger branches toward the smaller 
branches, while in the veins the contrary usually occurs. Its extension 
takes place in different ways, first of all, always into the next larger col¬ 
lateral branches. 

Exceptions occur in the veins on account of the easy compressibility of their walls. 
Thus, in obstruction of the right iliac vein, a very long plug is usually formed in the 
vena cava, while on the left side this rarely occurs, because here the right iliac artery, 
crossing the left iliac vein, favors the closure of its orifice. 

Most of those thrombi are called secondary which arise after primary 
inflammation of the vessels or of the tissues immediately surrounding them. 
Many thus designate those also which are continuous from a vessel into 
one of another kind, e.g. from capillaries into veins or into arteries, from 
veins into arteries, etc. 

The coagulum is contiguous with most of the circumference of the vessel. 
Less frequently there are found between it and the wall, spaces, which are 
filled with fluid blood: the latter comes from the small vessels which enter 
in or depart from the vessel at this point. 

The character of the thrombus varies. Its surface is always smooth 
and even, if no especial influences have acted upon it. Thrombi are or are 
not laminated. The latter occurs from sudden coagulation of an arrested 
mass of blood, e.g. in ligation of vessels; red and white blood-globules are 
uniformly distributed through it. Laminated thrombi arise during a slow 
and continuous coagulation with an intermitting force of condensation; 
they show in transverse section colorless corpuscles in large quantity, and 
alternate layers of red and white blood-globules. The layers are not per¬ 
fectly concentric, but are arranged in longitudinal and transverse section, 
like those of an onion, if the thrombus is situated in a broad cavity (heart, 
varix), and the latter is attached to a small point; or they are like those 
of the preceding only in cross section, in longitudinal section consisting of 
overlying ellipsoidal layers, if the thrombus belongs in a narrow vessel. At 
first the thrombus is dark- or grayish-red, elastic, soft, moist, and has a 
smooth, glistening, moist surface of section. Gradually it becomes paler, 
drier, less elastic, even crumbling; its surface on section becomes dull and 
lustreless, and is at different points colored red, brown, gray, and yellow. 
Under the microscope there are to be seen fibrous lamellae in inconsiderable 
number, and between them shrivelled white and l’ecl blood-corpuscles, chiefly, 
however, albuminous molecules. 

Thrombi are not to be confounded with the coagula found in the dead. As is well 
known, coagula are found in almost every dead body, in the right side of the heart, 
when the death-struggle has been prolonged These are light or dark colored, loose, 
elastic, soft, and are attached to the valves and cords. The dark coagula consist of 
fibrin, red and white blood-corpuscles. Frequently the red corpuscles quickly sink, 
leaving the coagulum formed only of fibrin and colorless corpuscles; it then appears 
white, or whitish-yellow. These coagula reach from the right side of the heart into a 
part of the pulmonary artery, but which they never entirely fill; they are continuous 
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into the venae cavae, and thence through all the veins of the body, into which the 
blood, at the death of the vessels, is driven by the elasticity of the arteries. Coagula 
are not usually found in the arteries, or only small ones in those of the largest size, 
similar to those mentioned above. 

The fresh, laminated thrombus is distinguished from a simple blood-coagulum : 1, 
by its laminated structure, which is present in almost all somewhat thicker thrombi; 
2, by its greater quantity of fibrin: hence these thrombi are mostly lighter, firmer, 
and drier than coagula ; 13, by the greater proportion of white blood-corpuscles over 
that of the red, which proceeds in part from a retardation of the circulation, in part 
from the fact that the blood of many affected with thrombus-formation is richer in 
such corpuscles (those affected by puerperal diseases, and consumptives). The non- 
laminated thrombus is, in its most recent state, not to be distinguished from a blood- 
coagulum. Later it is characterized by its metamorphoses. 

The farther destiny of a thrombus varies. Most important are its 
puriform liquefaction and its organization. 

Puriform liquefaction, or softening, is the usual metamorphosis of 
laminated thrombi of the heart and veins, in thrombosis of long duration. 
Then there is found, at first in the middle of the thrombi and extending 
thence toward the periphery, a liquid at first sharply circumscribed, later 
more diffuse; at first more viscous, then of a thin or thick consistency ; 
which liquid to the naked eye sometimes perfectly resembles pure pus, and 
sometimes has an ichorous character (reddish or brownish, thin and often 
of a disagreeable odor). At the beginning there are mixed with it crumb¬ 
ling particles, which are the remains of the more dense fibi-inous layers. 
The microscope then shows, in such thrombi, the elements of true pus only 
if pus has perforated into the vessel, or if in its wall even there lias hap¬ 
pened the formation of an abscess. Usually albuminous molecules are 
chiefly found, later, oil-drops, red and especially white blood-corpuscles, 
rarely normal, but mostly in a state of metamorphosis. 

The organization of thrombus occurs mostly in the non-laminated variety ; 
less frequently in extensive thrombosis of the veins, with final destruction 
of the channel of the vessel; more often in partial thrombosis, in the veins 
as well as in the arteries, occurring especially after section and ligature. 
The thrombus filling the vessel (artery or vein) immediately after injury 
reaches from the wounded point to the nearest collateral branch; it is 
accordingly of different lengths, and on one side (or on both) projects into 
the blood-stream with conical extremities. It is already, very soon after 
its formation, firmly connected by its base to the inner surface of the vessel, 
while the remainder lies at first loose in the vessel, and only gradually 
acquires a firm connection with its internal surface. The coagulum is at 
first dark black-red, later of a brown color ; in its farther progress it becomes 
paler, always first in the centre, until after a few weeks or months it assumes 
a color similar to that of the vessel. In the course of the following weeks, 
in the thicker coagulation of the following months, it always shrinks more, 
so that the vessel ends in a conical form, and blind, in cicatricial tissue. 

The .views held concerning the mode of organization of thrombus are still 
divided. It certainly does not take place through free exudation; probably 
as little through the colorless blood-corpuscles included in it; perhaps, at 
least in part, through the colorless corpuscles of the circulating blood, since 
these pass into the thrombus from the vasa vasorum , or through the cells 
formed outside of the vessel, which cells the vessel takes up. The organ¬ 
ization of thrombus takes place most probably, however, through the endo- 
thelia of the vessels, as well as through the connective tissue cells of their 
intima. These grow within a few hours, and are transformed at first into 
spindle-shaped cells, later into connective tissue and vessels. After seven 
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or eight days the thrombus, especially at its periphery, is penetrated by a 
net-work of young capillaries, which in the following days become more and 
more numerous. In the meanwhile the blood-corpuscles are destroyed, and 
likewise the fibrin, as in the puriform liquefaction of thrombus. The newly 
formed vessels of the thrombus and of the intiraa of the vessel come into 
communication with the original vessels, and with the newly-formed vessels 
of the middle coat and adventitia, and thus arises a true circulation through 
the thrombus. Later, there appears also a communication of the vessels of 
the thrombus with the channel of the vessel containing the thrombus. The 
former takes place earliest at the constricted end of ligated vessels, where 
the cellular coat is drawn over both the inner coats which are curled in¬ 
ward, and when the breach in the centre closed by the coagulum renders 
immediately possible the inward growth of the vessels of the adventitia. 
Thus, after four to six weeks, a complete circulation through the thrombus 
is established, and again gradually retrogrades in the following manner: 
the vessels again disappear, the primitive jelly-like connective tissue becomes 
more and more dense, the red blood-corpuscles and fibrinous detritus still 
present are reabsorbed. Finally, there remains only a small connective 
tissue plug, poor in vessels, which finally may become so shrunken that it is 
demonstrable only by the microscope. 

The organization of thrombus was demonstrated by the older observations of 
Hunter, Blandin, Lorstein, Stirling, and Zwicky, by those more recent of 
Billrotii, O. Weber, Thiersch, Waldeyer, Burnoff, etc.; as well from casual 
observations in man, as in the course of experiment on arteries and veins. That it 
does not take place through free exudation was shown by Virciiow. O. Weber 
{Berl. Min. Wschr ., 1804, No. 25) inferred that it was brought about by means of the 
colorless blood-corpuscles of the thrombus itself. 

Bubnoff (Med. Ctrlbl., 1807, No. 48, and Virch. Arch.. XLIV., p. 402), in a number 
of experiments, found that the contractile cells which are formed outside of the 
veins take up cinnabar, penetrate the wall of the veins, and by their gradual mi¬ 
gration finally come into the interior of the vein itself and reach the centre of the 
thrombus arising from ligature. From a second series of experiments, in which B. 
injected cinnabar into the blood from twelve to twenty-four hours after the 
establishment of a thrombus, it seemed to follow that the cells containing cinnabar 
within the circulating blood penetrated the thrombus from the vasa vasorum ; the 
white corpuscles belonging to the free circulation thus appeared to be concerned 
to a slight degree in the organization of the thrombus. From a third series, in 
which B. injected cinnabar into a thrombus arising from ligature, he concludes, 
that the colorless blood-corpuscles of the thrombus lose their power of migration, 
and do not participate in the cell-formation connected with the tissue of organiza¬ 
tion. B. could not perceive that the epithelium of the veins shared in the organiza¬ 
tion of thrombus. 

Thiersch, and Waldeyer (Vircli. Arch., XL., p. 379) demonstrated, independ¬ 
ently of each other, that the endothelium of the vessel plaj r ed a chief role in the 
organization of thrombus. According to the latter, thrombus is organized through 
increase of the connective-tissue cells of the vessel-wall and of the endothelial cells 
of the veins. The intima appears slightly clouded, as if covered with a fine dust. 
Delicate attachments are then formed, which sometimes are finely papillar, some¬ 
times velvety in appearance. The formation is a perfectly organized, perfectly soft 
granulation tissue. Consult also Tsciiausoff (Arch. f. Min. Chir ., 1809, XI., 
p. 184), and Ranvier (Nouv. diet de medec. et de chir. prat., 1870, XIII., p. 675). 


Canalisation, so-called, of thrombus is probably only a trabecular or 
net-like organization of it; the canals traversing the thrombus, which arise 
from partial destruction of the thrombus, sometimes re-establish the circu¬ 
lation through tire obturated vein. Especially frequent is this event in 
the cases of recovery of phlegmasia alba dolens in lying-in women. 





CAUSES OF THROMBOSIS. 


103 


The fissures which exist in thrombus as permanent passages are always found in 
the periphery (0. Bartii, Arch. d. Ileilk., 1870, XI., p. 03). 

Calcareous transformation of a coagulum is rare; it becomes gradu¬ 
ally smaller, firmer, dirty white or yellowish in color; later, calcareous 
salts are deposited in it. Thus also are formed the so-called vein-stones. 

The origin of pus, cancer, and other new formations in thrombus is 
not yet demonstrated, but from the facts of its organization now known is 
scarcely doubtful. 

A complete resorption of thrombus, with re-establishment of the channel 
of the vessel, has not as yet been proven, but is probable; a partial resorp¬ 
tion of it is quite frequent. 

The behavior of the wall of the vessel at the locality of the 
thrombus varies. It rarely happens that all macroscopical changes of text¬ 
ure are wanting, unless the coagulum quickly assume the molecular state 
and the vessel’s channel be quickly restored: this occurs usually in venesec¬ 
tion. In the organization of thrombus the above-described changes in the 
wall of the vessel takes place. At other times textural changes are found 
of a more chronic nature: most often a thickening and greater vascularity 
of the external coat and surrounding connective tissue, in the veins some¬ 
times also a like degeneration of the middle and inner coats, whereby they 
assume a more arterial character. In puriform liquefaction of thrombus, 
the intima becomes clouded, dead and brittle, and after removal of the 
coagulum is torn away in shreds, or remains firmly attached. Concerning 
other changes in the endocardium and inner coat especially of the larger 
arteries, vide infra. 


The causes of thrombosis consist either in stagnation of the blood, or in 
changes in the wall of the vessel; or both conditions are present. 

1. STAGNATION OF THE BLOOD. 

CL CONTRACTION OF THE CHANNEL OF A VESSEL I THROMBOSIS FROM COM¬ 
PRESSION. Pressure upon vessels causes first a retardation of the blood- 
current in a part, and coagulation of the blood. The coagulation does not, 
however, remain confined to this part, but is also continued into the peri¬ 
pheric vessels. Thrombi have their origin thus: by ligature of the arter¬ 
ies or veins; by suppuration and tumors (tuberculous and carcinomatous 
lymph-glands), which press upon the arteries and especially the veins; by 
effusions of blood from contusions; by cicatricial contractions; by disloca¬ 
tion of bones. All these conditions are so much more effective, if the 
arterial current is weakened. Pressure frequently acts upon the larger 
vessels not immediately, but rather upon the capillaries of a part or of a 
whole organ, and affects only the arteries and veins indirectly, since 
the vis-a-tergo of the heart can no longer reach the latter. Coagula¬ 
tion extends then from the capillaries to those larger veins in which the 
blood-current is normal, less frequently into the arteries. Here belong 
those coagulations which have their origin in organs organically changed, 
in the branches of the pulmonary vessels in chronic pneumonia, in the 
renal veins in parenchymatous nephritis, in the portal vein and hepatic 
veins in chronic hepatitis; in part also venous thromboses (traumatic) in 
wounds of the external surface. 

b . Section and laceration of vessels : traumatic thrombosis. The 
latter is the most important condition concerned in spontaneous as well 
as in artificial blood-arrest. If the continuity of a vessel be interrupted, 
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there follows either a continuous bleeding, or coagulation of the blood. 
In the latter case the arteries retract somewhat and become con¬ 
stricted ; there arises with or without ligature, a thrombus reaching to the 
nearest collateral branch, which thrombus for the most part becomes 
organized. If an artery be ligated, e.g ., in an amputation-stump or (on 
account of peripheral haemorrhage) in its continuity, the intima becomes 
lacerated by the strong tying of the ligature, and is drawn into fine, longi¬ 
tudinal folds which are visible for months, while the middle coat and 
adventitia are constricted and thereby become plaited. The folds of the mid¬ 
dle coat, and especially those of the intima, contribute very materially to the 
adhesion of the thrombus. The veins, e.g., in an amputation, become dis¬ 
connected from the heart, thus being deprived as far as the nearest collateral 
branch upward of the vis-a-tergo , which drives the blood forward. The 
latter either settles backward to the wounded surface, because the veins 
are easily compressed by the surrounding structure; or it coagulates, as 
always happens, at least to a certain extent. Moreover, the backward flow 
is regulated by the position of the valves. In veins which are without 
valves, and which from physiological or pathological causes are open 
(venous plexus of the bladder, rectum, veins of the pregnant uterus, cranial 
sinuses, cervical veins, veins of bones), thrombosis acquires a much greater 
extent than in veins which possess valves. In the latter, the valves exert 
a very important influence on the extension, etc., of thrombosis. 

After every venesection there results a subcutaneous effusion of blood and a 
coagulum, which extends from the wound in the skin into that of the vein. This 
coagulum is sometimes formed already during the venesection (in small wounds of 
the veins, in shifting of the position of the skin). The part of the coagulum which 
protrudes into the vein becomes gradually smaller, denser, and paler, becomes organ¬ 
ized, and closes the wound. Sometimes, however, from, e.g.. bad dressings, rest¬ 
lessness, etc., new coagula .are deposited on that part of the coagulum which 
protrudes into the vein; thus, as at first, giving rise to a permanent coagulum, 
which under certain circumstances is partial, or wholly obstructs the vessel. 

In amputations of the extremities the blood found in the lowest part of the 
veins below the first valve above flows out. The vein itself usually collapses, partly 
because its contents have escaped, partly because in veins with very muscular walls 
(veins of the skin), a true contraction of the latter takes place: the channel then is 
very small or altogether disappears, the intima is folded longitudinally, the whole 
wall of the vein is thick. In like manner, the blood nearest to the surface of the 
wound usually escapes, if the channel remains open, as in the veins of bones, in 
indurated hypertrophy of the external coat of veins in soft parts. Through inflam¬ 
mation affecting the surface of the wound, in which the veins also take part, 
the channel of the veins becomes narrowed still farther; the resulting granu¬ 
lations heal into a cicatrix and then permanently close the wound of the veins. 
Sometimes a small thrombus is formed, if between the wound and nearest 
valves above there open into the veins one or more smaller branches, from 
which a little blood flows into their lowest extremity. At other times coagula 
are formed of great thickness and length. These depend upon the relation of 
the collateral branches which open into the vein above the lowest valves. If the 
larger collateral branch open close above the valve, the blood of the cut vein 
usually remains in the circulation. But if such a branch is wanting, or is too small, 
or its other extremity is also cut across, then the vis-a-tergo does not affect the blood 
above the lowest valve, and the blood coagulates usually with a rapidity proportion¬ 
ate with its nearness to the wounded surface. Besides this natural condition, there 
are yet others which promote coagulation: unfavorable position of the member, 
misapplied dressings, weakness of the heart’s impulse, blood strongly disposed to 
coagulation; ligature of the cut vein (whereby more or less of the blood in the vein 
to the first valve above escapes at the moment of amputation, but also usually new 
blood pours into the extremity of the vein through small collateral branches opening 
into it). If now a coagulum is formed of more considerable volume, its central end 
usually reaches to the point where a larger collateral branch opens into the vein. 
To this free end new coagula are added from the blood of the collateral branch, 


CAUSES OF THROMBOSIS. 


195 


whereby the latter even, and from this again the next nearest vein, may become 
obstructed. 

After pARTURTTION the uterus presents a large wounded surface (Cruveiliiikr 
in opposition to IV. HlJNTEK, and others, according to whom a part of the decidua 
remains behind). Not infrequently, after artificial births, especially after artificial 
delivery of the placenta, the thick uterine mucous membrane in its superficial as 
well as its deep layer, is torn off, laying bare the muscular layer. Besides, wounds 
are frequent in the vaginal mucous membrane, in the external os and within the 
cervix. In all these wounded parts vessels of various calibre are also lacerated. As 
soon after parturition as strong contractions of the uterus appear, the uterine ves¬ 
sels also become mechanically compressed, and the blood in them is for the most 
part driven out. But a part of the blood always remains behind in the vessels, 
because the contractions are never so strong that the channel of the vessels is com¬ 
pletely closed, and, t6o, because the uterine veins are without valves and the blood 
flowing off is replaced by new blood. Finally, fine coagula probably always grow 
from the coagulum found in the uterine cavity into the uterine vessels which open 
into it. 

c. Dilatation of the vessels and heart : dilatation-thrombosis. 
With equal quantities of liquid the current is slower directly as the size of 
the channel; in pouched dilatations of the vessel there are, besides, border¬ 
ing strata in a state of rest. Since the central part of a stream is nor¬ 
mally the swifter, and the peripheral the slower, coagula are mostly from 
the beginning attached to the wall. They remain either as such and soften, 
or become organized, etc.; or, the coagulum bordering the vessel-walls 
gradually forms a complete obstruction to the current. Coagula more 
rarely from the beginning obstruct the vessel completely: thus in generally 
dilated veins, e.g., those of the broad ligaments of the uterus. Analogous 
to this thrombosis of the veins is the formation of coagula in aneurismal 
arteries, the formation of globular vegetations in the heart, where its walls 
nearest to the endocardium or throughout the whole extent of their thick¬ 
ness have undergone fatty degeneration or induration. 

Here Waldeyer classes those cases, in which, after wounds or operations, gan¬ 
grene of the part quickly follows inflammatory congestion, and the vessels, especially 
the veins, after the loss of their contractility and elasticity are speedily transformed 
into a soft, pliable, pulpy tissue. 

cl. Marasmic, atrophic thrombosis exists, when during a reduction of the 
force of the heart, of the walls of the vessels, of the respiratory muscles and 
of the muscles external to and in the vicinity of the veins, coagula are 
formed in the larger veins, especially in the crural and iliac, in the muscu¬ 
lar branches (those of the glutei and of the lower extremities), in the 
venous plexus of the pelvis, in the cranial sinuses, etc. The ease with 
which this takes place is proportionate to the quietude of the person 
affected. The first beginnings of coagulation occur in the angle behind 
the valves. This thrombosis is often found in those who are in a state of 
low nutrition after severe operations, for whom a long period of quiet 
lying down, is necessary; it is a frequent sequela of disease, of severe 
febrile diseases, especially of typhoid fever; it is a common complication 
of chronic tuberculosis, of chronic affections of the joints and bones, of 
severe affections of the muscles, of trichinosis. 

2. changes affecting the walls of the vessels. 

a. Roughness of the internal coat of the vessels, dependent upon 
their degeneration (fatty metamorphosis, etc.), or upon infiltration of pus 
into them, or new-formations (granulation-cells, as in organization of 
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thrombus — vide p. 192), which conditions cause at first a thrombosis 
lining the vessels, then not infrequently one of a general character. These 
conditions are found in inflammations of the coat of the veins, especially 
in abscesses of them, or of the structures surrounding them, in new- 
forniations, especially cancer, which perforate the veins, in chronic endart¬ 
eritis, and in endocarditis. 

In experiments with respect to the relations existing between the intima and the 
blood in closed venous pouches, Durante ( Oestr . Jafirb ., 1871, p. 321) found that 
the blood remained liquid so long as no inflammatory changes had taken place 
through the mechanical irritation of the needles used, and that coagulation of the 
blood went hand in hand with changes of the endothelium. I), therefore assumed, 
that the fluidity of the blood shut up in a vessel is dependent upon the normal func¬ 
tions of the vessel’s walls. 

Phlebitis in its various forms is a chief cause of thrombosis in severe wounds of 
every kind, frequently with purulent or ichorous liquefaction of the thrombus and 
consecutive pyemia. Endocarditis chiefly affects the valves, especially the auricu- 
lo-ventricular valves. Unevennesses arise on the surfaces; at first loosening or hyper¬ 
trophy of the endothelium, then thickening and granulations of the surfaces; finally, 
chalky and fatty metamorphosis of the whole valve. All these inequalities become 
the causes of numerous deposits from the blood, which in form of warts, condylo- 
mata, etc., attach themselves to the valves and firmly adhere to them (vegetations, 
excrescences, etc.). Chronic endarteritis, which occurs in arteries of every 
calibre, causes by fatty degeneration of the endothelium and of the normal or hyper¬ 
trophied innermost layer, or by calcification or ossification, or softening of the latter, 
sometimes only superficial unevenness, sometimes deeper losses of substance, which 
give occasion to coagulations, so much the more, if the middle coat simultaneously 
degenerate, with loss of its elasticity and contractility, and the vessel is uniformly 
or irregularly dilated. 

b. Foreign bodies in a similar manner give rise to coagulation in the 
vessels. For example, needles, grains of shot, splinters of bone; or 
thread, which, often for the sake of experiment, is drawn through the 
vessel. Coagulation occurs first in the immediate neighborhood of the 
foreign body. Blood-coagula themselves, thrombi as well as emboli, act in 
the same manner as foreign bodies. 

In this also is included hemorrhagic thrombosis; in bleedings coagula¬ 
tion of the extravasated blood usually continues through the injury into 
the vessel. ( Vide p. 194.) 

c. Chemical substances cause coagulation of the blood, when they 
either effect changes in the blood and wall of the vessel at the same time 
(caustics), or when they through the latter, 'without materially changing it, 
coagulate its contents. In the latter, according to others (vide Pyemia), 
the ichor of mortification, and bad pus perhaps also act in a mechanical 
manner, giving rise then for the most part to an ichorous softening of the 
thrombus. 

Not infrequently thrombosis has its origin in many causes at the same 
time, in arrest of the blood, and changes of the walls of the heart and ves¬ 
sels, often without the first or most important cause being recognized in the 
living, or in the body after death. 

Coagula OCCURRING in normal vessels continue their growth in a 
vessel, their origin being either in a branch, or in the vessel itself. In the 
first case, the point of the coagulum acts as a foreign body, and coagulation 
may thus extend, e.g. , from the veins of the lower part of the thigh into the 
vena cava, and even to the heart. The blood thereby" coagulates mostly 
also in those veins which end near that first occupied by the thrombus, as 
well as sometimes in veins of the same name in the other half of the 
body, if the coagulation once extends to the vena cava, and into all its 
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branches. The branches of a vein become much more easily obstructed 
after its thrombosis. 

Or, the coagnla occurring in normal vessels are secondary. Here belong 
the coagnla in veins the capillaries of which lie in organs infiltrated with 
pus or cancerous matter ; the coagula in arteries, the periphery of which is 
obstructed by gangrene or intense suppuration. 

Finally, obstructions which appear in arteries after embolism are con¬ 
tinued through the capillaries into the veins, and venous thrombi may 
become the cause of new emboli. 

Thrombosis of the capillaries has an importance only with respect to 
its influence upon the healing of wounds, and chiefly through its continu¬ 
ance into the arteries, and especially into the veins. 

Thrombosis of the lymphatics is less frequent than that of the veins, 
and has been observed only in isolated localities. 


The coagulability of normal lymph is very small, in spite of its contained fibrin, 
and therefore shows little disposition to thrombosis. Under pathological conditions, 
however, normal lymph is supplanted by another liquid, which is either a trans¬ 
formed fibrinogenous substance, or in part a special fibrino-plastic material exciting 
coagulation. (A. Sciimidt.) 

A lymphatic thrombosis is found in many severe puerperal fevers. The uterine 
lymphatics, often over a large extent and far beyond the uterus, are uniformly 
dilated or knotted, and filled with solid or fluid, yellowish, often puriform masses. 
Large pouches are ofteuest found in the lig. latum , especially in the ala vespertilionis 
near the insertion of the tubes, also deeply near the lateral borders of the uterus, 
even to the attachments of the broad ligaments, and at the other extremity near the 
vasa spermatica int-rna , reaching as far as the lumbar glands ; they are found also 
in the wall of the uterus, especially of the cervix; also in the ovaries, which from 
their hilus are sometimes closely interwoven with such obstructed and dilated lym¬ 
phatics (Virchow, Arch., XXIII., p. 415). 

Consult also the observations of Biesiadezki (1. c.) and of the author [Arch. d. 
Ildlk. , 1870, XI., p. 51). (Vide Premia.) 

Consequences and symptoms of thrombosis. 

These in general consist in narrowing or complete closing of the ob¬ 
structed canal. They are distinguished from the symptoms of embolism by 
their comparatively slow appearance. They change not only with the size 
and metamorphoses of the thrombus, with its relations to the wall of the 
vessel, with the kind of channel affected (heart, artery, vein, lymphatic), 
but they also show other and manifold differences, which allow no farther 
general consideration. 

The consequences and symptoms of thrombosis of the veins depend 
upon the size of the veins, upon their depth (subcutaneous or deep veins, 
etc.), upon the thickness and length of the thrombus, the I'apidity of its 
formation, its metamorphoses, upon the duration of the thrombosis, upon 
the possibility of the formation of a collateral circulation, etc. 

Thrombosis of the veins runs it course without symptoms, if the obstruc¬ 
tion is incomplete, or if it affects a communicating branch and there are 
sufficient collateral branches. Thus in the deep veins of the extremities, 
in the uterine plexus, vesical plexus, etc., where there exist numerous 
communicating branches. The smaller veins usually remain free, and thus 
the superficial vessels appearing distended, supplying the collateral circula¬ 
tion. 

If thrombosis affect the small veins, and the collateral communication be imper¬ 
fect, without complete stasis affecting a large territory, then the reaction is confined 
to the wall of the vessels immediately affected, whose vessels of supply are ob- 
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structed: there arise a slight inflammatory swelling with moderate redness, slight 
pain, and watery infiltration of cellular planes; sometimes also a stronger irritation 
with limited suppuration. This is most often seen in haemorrhoidal tumors—hannor- 
rhoidal sweat and excretions, itching at the anus, abscesses in the surrounding tis¬ 
sues, phlegmons in varices (O. Weber). 

According to Friedlander (Phys.-anat. Unters. iib. d. Uterus , 1870) the pla¬ 
cental portion of the uterine sinuses is in great part obstructed at the eighth month 
of pregnancy, and, from the accumulation within them of large multinuclear cells, 
there results coagulation of the blood and organization of the coagulum. The pro¬ 
cess of shrinking of the latter goes on so slowly, that the thrombi retain their 
relative size for almost a half-year after child-birth, and on the cut surface of the 
uterus appear as gelatinous, transparent bodies. 

But if large venous trunks, as the crural or iliac, are obstructed, the 
thrombi fixed, and the collateral circulation insufficient, then there appear 
symptoms of blood-stasis, chiefly cedema. This oedema is usually uni¬ 
lateral, and generally in those sick with dropsy, cedema of the extremities 
with venous thrombosis is for the most part more marked. (Edemas are 
usually painless; painful in the highest degreee when the obstructed and 
somewhat dilated veins lie near nerves, as, e.g., the crural close to Poupart’s 
ligament: hence the name phlegmasia alba dolens for the oedema, for the 
most part painful, resulting from obstruction of veins in lying-in women 
Serous effusions occur in the region of the capillaries and venous radicles: 
hence they first appear in distant parts, e.g., in the ankles and lower parts 
of the thigh in obstruction of the crural vein. (Edema is wanting 
or disappears, if the thrombus merely lines the vessel, if there exists a 
sufficient collateral circulation, as well as in secondary canalisation of 
thrombi forming complete obstructions. Haemorrhages occur in venous 
obstructions only, when almost all the lateral channels ai’e obstructed, and 
when thrombosis follows very quickly. Gangrene appears only when 
from other causes, e.g., in puerperal fever, erysipelas is added. It is not a 
direct consequence of venous obstruction. Elevated temperature, “ t edema 
calidum ,” is observed only in robust individuals, as in most puerperal 
women, not in the marasmic. Dilatation of collateral veins almost never 
happens: in thrombosis of the crural the collateral circulation is probably 
provided for by the sacral and lumbar veins. Very rarely is the obstructed 
vein, even the crural, distinctly known by the touch. Only obstructed 
cutaneous veins, e.g. the saphena, can usually be distinctly felt. If throm¬ 
bosis exists for a long time, there results a thickening of the skin and con¬ 
nective tissue, even of the periosteum and bones (elephantiasis of external 
parts). 

Consult Braune, Die Ob&rscJienkdvene des Menschen , 1871. 

The symptoms of thrombosis of the veins of internal organs, even when 
very extended, and the veins belong to organs essential to life (e.g., cranial 
sinuses, venal veins, vena portae) are rarely so clearly defined, that it 
becomes possible to frame a safe diagnosis. Besides the already known 
consequences of passive hyperaemia (cedema, dropsy of cavities, etc.), there 
are causes especially to be taken into consideration (caries, marasmus, etc., 
in thrombosis of the cranial sinuses; puerperal inflammation of the uterus, 
in thrombosis of the uterine veins; cancer of the liver, severe local affec¬ 
tions of the intestines, inflamed haemorrhoidal tumors, inflammation of the 
umbilical veins of the new-born, etc., in thrombosis of the vena portae; 
older inflammations with the formation of cicatrices in thrombosis of the 
renal veins, vena portae, etc.). Further, dilatation of collateral channels, 
e.g., in thrombosis of the cranial sinuses, that of emergent vein*, of the 
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frontal, ophthalmic vein, etc., in that of the vena portae, that of subcu¬ 
taneous abdominal veins, is important. Finally, the appearance of the 
phenomena of embolism draws attention to its source, thrombosis. 

Consult, on thrombosis of the sinuses, the more recent works of Heubner {Arch, 
d. Heil/c., 1S68, IX., p. 417), and Wreden {Petersb. Med. Ztschr., 1809, 8. et 9. H.). 

All the symptoms and consequences of thrombosis disappear after weeks 
or months, if the thrombus is reabsorbed or is sufficiently canalized, or if 
there is an abundant formation of collateral channels. 

The most important consequence of thrombosis of the arteries is 
an.emia of the part (vide p. 165). But this usually escapes observation in 
coagula of local origin, because then coagula are usually of gradual forma¬ 
tion. Gangrene of the part appears later, when the thrombosis is of quick 
origin, without its appearance being accompanied by the establishment of a 
sufficient collateral circulation. 

Arterial thrombosis also in many cases is innoxious through the introduction of a 
collateral circulation. Tiedemann, in the course of a year, ligated one large artery 
after another, without causing death. O. Weber had a dog, in which he had, 
within two months, ligated both carotids and both femorals, and which was entirely 

well. 

/ 

The special symptoms of arterial thrombosis remarkably resemble those 
of high grades of chronic arteritis and of growing aneurisms, and are dis¬ 
tinguished from those of arterial embolism by the slowness of their ap¬ 
pearance. 

Thrombosis of the different cavities of the heart, especially of those 
of the right side, is sometimes altogether wanting in symptoms, as in most 
so-called globular vegetations, but sometimes furnishes auscultatory signs 
(thrombosis of the auricles, etc.). The antecedent condition of the heart 
especially (dilatation from fatty metamorphosis or old myocarditis, endo¬ 
carditis), peculiar murmurs, as well as the appearance of embolic symptoms, 
are to be considered in the diagnosis. 

Thrombosis of the lymphatics is attended by no marked symptoms 
(vide Dropsy). 

Thrombosis of the veins as well as of the lymphatics can exert a bene¬ 
ficial influence on the organism, when, e.g ., they affect vessels whose roots 
lie in a collection of pus or ichor, since then the thrombosis by preventing 
resorption, imprisons, as it were, the injurious substances, and so the 
spread of infection to distant parts, especially the blood, is prevented. 

B. embolism. 

Thrombi, non-organized, gradually become softer and more rotten. In 
thrombi lining the walls of the vessels and partially obstructing them, the 
blood-stream may tear off and carry away pieces of them, or remove and 
transport them in toto. The same can happen to thrombi which wholly 
obstruct a vessel and are progressive in growth, if they project beyond 
the mouth of the vessel in which they were formed: the blood-stream 
which conies in contact with them, with the points of the coagula, tears 
them, or pieces of them away, and carries them farther on. In both cases, 
the pieces torn away are driven into the next narrower parts of the vessels. 
Sometimes large cylindrical pieces are removed (there are emboli of some 


200 


EMBOLISM I NATURE OF EMBOLI. 


inches in length and as thick as the finger), sometimes the emboli are 
smaller, even visible only with the microscope. 

That the coagula met with in other parts of the body are embolic and 
not original, is proven by many observations in the dead body and by ex¬ 
periment. One can often, by the form, color, and stratification of the 
impacted piece, be convinced, that it was torn from the coagulum of 
another locality. Numerous experiments demonstrate that the blood¬ 
stream is able to carry such coagula away with it, and even heavier bodies, 
as caoutchouc, pieces of muscle, quicksilver. 

The PLACE of such separations from thrombi is most frequently the 
venous channel, especially the crural vein, in which plugs are continuous 
out of its muscular branches; besides, there are the hypogastric, iliac, 
renal, jugular veins, the cranial sinuses, the right side of the heart, rarely 
other veins. In the arterial current the formation and separation of 
coagula take place especially in the aorta and its main branches, rarely in 
the pulmonary veins; in the left side of the heart on the mitral valve, less 
frequently on the aortic valves. 

The constitution or NATURE of emboli : they consist of— 

1. Blood-coagula, most frequently by far, which as autochthonous or 
continued thrombi have so far changed their consistency that it is possible 
for the blood-current to tear pieces from them, and carry them away into 
the vessels. They sometimes as a whole play the part of emboli: e.g., as 
vein-stones. (The general consideration of the process of embolism 
is based upon the former origin.) 

2. Substances, which originally stood in organic relation with the walls 
of bloodvessels. When this connection ceases to exist, the substances 
are carried farther on by the blood-stream, and act like ordinary emboli. 
Examples of these are found in fragments from the chalky, bony or athero¬ 
matous valves of the heart, and from the degenerated hypertrophic inner 
coat of the arteries. 

3. Substances, which from the beginning are formed on the inner surface 
of the heart and vessels : e.g., inflammatory products of the cardiac 
VALVES (“ endocarditis ulcerosa”), carcinoma of the endocardium, veins, 
great lymphatics. 

4. Substances, which have their origin outside of the circulatory system, 
but by their growth perforate the walls of the vessels, finally reach the 
vessels’ interior and there become free: carcinoma and abscesses, more 
rarely enchondroma and sarcoma of the heart and veins. 

Here Bottciier’s case partly belongs: in metastatic renal abscesses elastic fibres 
were found which had been transported from pulmonary abscesses. ( Vide Secondary 
New-formations.) 

5. Parasitic plants and animals, which, by their increase (bacteria, 
echinococcus, etc.) or wanderings, find their way into the vessels (embryos 
of tape-worms, distomum hoematobium , trichina spiralis). 

G. Corpuscular substances, which find their way into the vascular 
system : liquid fat, air in the blood, and pigment-molecules in melanae- 
mia. Fat is absorbed in fracture of normal bones, lacerated adipose tissue, 
etc., and is not infrequently found in the veins, whence it passes into the 
general mass of blood, and especially into the lungs. Air enters the circu¬ 
lation through wounds of the veins, sometimes also in a manner unknown. 
Pigment-molecules in melamemia are probably always taken up by the 
veins from the spleen. 
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7. A number of substances, which, do not enter the circulation except in 
solution, and are deposited in definite localities : metastases. Here belong : 

a. Normal substances of the organism, which on account of lessened 
excretion through the veins and lymphatics, accumulate in the general cir¬ 
culation and are deposited in various parts of the body: especially the 
coloring matter of the bile. 

b. Normal substances of the body, which in various diseases are not 
normally transformed or excreted, or which ai'e formed in increased quan¬ 
tity : thus, uric acid and its salts which are deposited within and around 
the joints in gout. 

c. Substances, which accumulate in the blood in too great quantity and 
are not normally transformed or excreted: thus lime-salts which, in osteo¬ 
malacia, extensive caries of the bones, inflammation of the bones, are 
deposited in the kidneys, lungs, stomach, etc. (“ chalky metastases ”). 

d. Many medicaments, as silver-salts, which are deposited in the skin 
and renal tissues, and salts of lead, in the gums. 

CAUSES OF EMBOLISM. 

The predisposing causes are given above. 

The exciting causes are, during the existence of ordinary thrombi, in 
particular, sudden movements, quick rising out of bed, sudden changes of 
position, straining at stool, coughing, friction or pressure on thrombosed 
vessels. For the remaining emboli, not consisting of blood, for the most 
part no exciting causes are necessary. 

The localities into which emboli are forced are: with respect to the 
emboli formed in venous blood, as in the veins of the great circulation and 
in the right side of the heart: in the pulmonary arteries and their branches 
(emboli very rarely remain fixed in the heart itself) ;—with respect to the 
plugs having their origin in the arterial blood, as in the pulmonary veins, 
in the left side of the heart, in the arteries : the arteries of the body ;—with 
respect to the coagula formed in roots of vena portae: the hepatic branches 
of the portal vein. 

The direction of emboli of large size is a tolerably constant one. They 
usually tend toward the posterior and lower parts of an organ, in obedience 
to the law of gravitation. They take the direction of the main current, and 
pass into the lateral branches only when the force of the current in the 
main vessel is very small, or the vessel is already obstructed by emboli, etc. 
From only exceptional and unknown causes do they enter branches perpen¬ 
dicular to the main vessel, e.g. into the coeliac axis, the coronary arteries of 
the heart, the bronchial arteries. 

Emboli from the left side of the heart usually pass into the thoracic aorta, 
and from here most often into the abdominal aorta and renal arteries, as 
well as into the iliacs and their branches; somewhat less often into the 
carotids, rarely into the subclavians. Of the carotid, renal, and iliac ar¬ 
teries, those of the left side almost exclusively are affected by embolism, 
since in them the chief current has a more direct course. 

Emboli from the veins pass most often into the lower lobes of the lungs, 
except when the latter are infiltrated or compressed, or when their larger 
branches are already obstructed by emboli. The cause of the frequent 
occurrence of emboli in the lower lobes is this, that the embolus moves 
more slowly than the blood-stream and adheres to the walls, thus to the 
lowest part of the wall of the trunk of the pulmonary artery. Emboli occur 
most frequently in one and the same branch of the pulmonary artery. They 
affect much oftener the right pulmonary artery, because its current is 
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greater, because the left is covered by the aorta, and its stream is thereby 
somewhat hindered ; finally, because most sick people lie on the left side, 
which therefore somewhat contracts the left half of the thorax. 

If a vessel be obstructed by one or more emboli of not too great size, subsequent 
embolism will mostly affect the same vessel, because its walls are separated by the 
first emboli and become more than normally distended. 

In rare cases emboli travel in a direction opposite to that of the blood¬ 
stream, e.g. from the right ventricle or superior cava into the hepatic veins. 
This is the case in those diseases of the respiratory apparatus where the 
normal negative pressure in the thorax is temporarily or permanently 
changed into a positive pressure, as in all diseases characterized by cough, 
in capillary bronchitis, in pleuritic effusions, etc. 

After Maqendie, Cruveiltiter, Fhertciir, and Cohn had experimentally de¬ 
monstrated that bodies (quicksilver) introduced into the jugular vein could reach 
the hepatic veins by means of retrograde currents, Heller (1). Arch, f klin. 
Med., 1870, VII., p. 127) showed the same, by an experiment with wheat-grits and 
by a pathologico-anatomical observation in man (cancer of the ca3cum and various 
lymph-glands ; cancerous embolus in a hepatic vein). I myself saw, attention having 
been drawn to it by Tiiiersch, in two cases of thrombosis of the jugular vein after 
surgical operations, hepatic without pulmonary abscesses, which were explained in 
similar manner. 

. Emboli, from the beginning, obstruct the vessel wholly or only 
in part. The embolus is usually arrested at a part where the vessels 
divide, or where the diameter of the vessel is suddenly reduced by giving 
off branches. The larger plugs usually go to the point of division, so 
that they are, at the same time, somewhat forced into both branches. 
At first they lie loose in the vessel (which distinguishes them from autoch¬ 
thonous thrombi), and do not at first commonly obstruct the vessel com¬ 
pletely in any branch. A little blood still passes by them, although far 
less than before, so that a stagnation always results behind the embolus. 
New precipitates begin before and behind the embolus, so that it becomes 
encapsuled by fresh coagula, and yet a slight current still remains. If the 
embolus is very large and' cylindrical and soft, it obstructs at first the 
arterial branches completely, the artery contracts about it, and behind it is 
entirely emptied of blood; before the embolus, i.e., toward the heart, a 
secondary thrombus is formed, as in the case of ligature, as far upward as 
the next larger lateral branch. 

In obstruction of very small vessels in the frog, coagulation is uniformly absent; 
sometimes also in man, because the influence of the vessel’s walls to prevent coagula¬ 
tion surpasses that of the walls to promote it. 

The larger emboli naturally remain in the larger, the smaller only in the 
smaller vessels ; the smallest, finally, are usually arrested in the first capil¬ 
lary net-work, which they have to pass, more rarely to be held in another: 
capillary embolism. These embolisms concern sometimes the capillaries 
only, sometimes at the same time also the smallest arteries belonging to them. 
That both the smallest vessels and the capillaries may become embolized 
has not only been proven by numerous autopsies, but experiments with 
quicksilver, carbon, starch, fat, wax, etc., have also demonstrated the pos¬ 
sibility of this occurrence. 
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Emboli having their origin in the veins, usually remain fixed in the variously thick 
branches of the pulmonary arteries. The smallest emboli of the veins, however, are 
only arrested in the pulmonary capillaries, or pass the lungs, and remain fast in the 
next following capillary region (liver, spleen, kidneys, etc.). How they pass the 
lungs is explained by the fact that in many places in the lungs, a direct communica¬ 
tion exists between the arteries and veins, which is seen when, anywhere, in conse¬ 
quence of a congestion, the intervening branches are distended (vide p. 148). 

Capillary emboli most frequently have a primary origin, by separation 
of the finest particles of a thrombus. Their origin is less often secondary 
from a non-capillary, especially a lining embolus, from which very fine parti¬ 
cles become separated. Emboli arising from coagulated blood are charac¬ 
terized by their external appearance, and great resistance to all reagents. 

Changes in the embolus and in the wall of the vessel make their 
appearance if the functional disturbances caused by the embolism are not 
so great as to cause instant death. In rare cases emboli are absorbed, and 
the vessel again becomes free. Canalisation of the embolus is almost as 
rare, leading to the permeability of the obstructed part, and sometimes 
giving rise to secondary emboli. Or they become organized like thrombi 
(vide p. 191), and so become altogether or in part harmless. Emboli may 
too become softened, and thereby lead to the formation of secondary em¬ 
boli. Finally, they rarely become horny or calcareous. By means of 
most of these processes the channel of the vessel can, at least in part, be 
re-established. 

Changes affecting the wall of vessels are, in the first place, depend¬ 
ent upon the absence of the circulation. More recent experimental inves¬ 
tigations show that bloodvessels, by a long interruption or arrest of the 
circulation in them, become as incapable of function as muscles and nervous 
apparatus, when deprived of blood. At first the vessels are dilated ; after 
a longer time there appears oedema with emigration of colorless blood- 
corpuscles ; after a still longer time haemorrhages, the circulation stops 
altogether and the vessels die. At first the veins, then the capillaries, 
finally the arteries, become the seat of these disturbances. 

Cohniieim has experimentally investigated the above-described consequences of 
the exclusion of the blood from a vascular region, with respect to the wall of the 
vessel itself. After ligating the whole tongue in a frog, the circulation immediately 
ceased. The vessel-wall, even after four or five days of total ligation, showed no 
morphological changes. When, from a few to twenty-four hours after, the ligature 
is removed, the circulation is very quickly re-established : the vessels are immediately 
thereafter largely dilated, the blood-stream very quick; but soon the arteries first 
contract, then the veins, and after one to two hours the normal condition is restored. 
If, on the other hand, the ligature be loosened, not until after about forty-eight 
hours, the dilatation of the vessels and velocity of the stream will be still greater; 
then the arteries contract, the blood flows more slowly ; but the veins remain dilated, 
and from them and from the capillaries the white blood-corpuscles, from the latter 
also red corpuscles, wander out in large numbers. If the ligature be loosened after 
sixty hours, numerous capillary haemorrhages will be found, less from the smallest 
veins. After four or five days of ligation the tongue becomes necrotic. Similar results 
followed total ligation of the ear, testicle, and kidney in the rabbit. (Similar changes 
arise from arrest of the venous flow.) 

In the second place, the changes in the vessel-wall depend upon the 
MECHANICAL OR CHEMICAL CHARACTER OF THE EMBOLUS. Indifferent emboli 
effect no, or only trifling, changes in the vessel-wall (thickening, sometimes 
growth with the surrounding tissues). If, however, the embolus is from a 
foul or gangrenous part, it may give rise to a septic or gangrenous inflam¬ 
mation of the vessels, which extends to a varying distance into the sur- 
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rounding tissues. If the embolus has rough surfaces, e.g. in separated cal¬ 
careous pieces of the valves of the heart, the inflammation is more violent; 
suppuration is a not infrequent result. 

The changes in the organs whose arteries are obstructed by embolism 
depend upon the embolus itself (its size, number, its power to create me¬ 
chanical or chemical irritation, etc.), the kind of vessels (functional or 
nutritive vessels), the arrangement of the arteries, the re-establishment of 
a collateral circulation, and the structure of the organ itself. 

More recent experimental investigations concerning these relations 
yield the following results : The experiments were made on the frog, es¬ 
pecially its tongue, which was at the same time examined microscopically, 
and were conducted by the injection of an emulsion of wax, colored black 
by lampblack, into the heart or aorta. 

At first, the arteries are closed and a collateral circulation is established 
in the surrounding tissue (vide p. 174). At the place of the obstruction 
the artery is usually bulged out, distinctly narrower before and behind. 
The contents of the vessel no longer move, in front of and behind the 
globules of wax: in the former locality as far as the lateral branches, in 
the latter for a varying distance. If the embolus comes quickly, with the 
swiftness of the blood, to its locality, there is before and behind it a column 
of red blood with few colorless blood-corpuscles; but if slowly, it is 
driven forward by successive thrusts, and thus a gradually increasing ob¬ 
struction is formed in the blood-stream, the vessel both before and behind 
the obstruction is filled with plasma and colorless corpuscles. (A coagula¬ 
tion of the blood does not occur in the frog.) 

The capillaries and veins supplied by the obstructed arteries, act differ¬ 
ently. Between the plug and the capillaries there is given off an arterial 
branch, which communicates with a branch of another artery (collateral or 
anastomotic), thus through these a sufficient quantity of blood is supplied 
to the peripheral region once served by the obstructed artery, and its 
circulation goes regularly on. The function of the closed artery also is 
destroyed above and below as far as the lateral branch. In like manner 
are the capillaries affected by embolism. If, on the other hand, such an 
arterial anastomosis is wanting behind the obstructed terminal artery, the 
blood behind the obstruction stands absolutely still, as well in the arterial 
branch affected as in the capillaries supplied by it; also in the efferent 
vein until it meets with another vein which is supplied by a non-ob- 
structed artery. After a short time there appears in the streamless vein a 
recurrent movement into the capillaries, and beyond these into the artery, 
at first uniform, later rhythmical. This gives to the part after a little 
time the appearauce, to the unaided eye, of a dark-red, sharply defined 
wedge. Still later, a lnemorrhage here occurs, and a haemorrhage infarc- 
tus arises, visible to the naked eye.* (The bleeding is explained by the 
changes which the vessels, especially the capillaries of the embolized 
region, have experienced through the interruption of the regular blood- 
supply.) 

The above-mentioned experimental results correspond in all essential 
particulars with pathologico-anatomical facts. 

Four different effects are therefore ascribed to emboli. 

Emboli are altogether without effects : they remain fixed, organize and 
grow with the wall of the vessel; the parenchyma behind the obstruction 
remains normal. This is the case, when behind the embolus a sufficient 


* Consult Prevost et Cotard, RanioUissement cerebral. — Gaz. Med., Paris, 1866. 
-[Ed.] 
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arterial anastomosis already exists, or is established in a very short time. 
Examples are found, especially, in the larger branches of the pulmonary 
artery, the arteries of the brain anteriorly and in the circle of Willis, 
less often the mesenteric arteries, etc. 

Or, behind the embolus, gangrene appears in its different forms : this is 
oftenest the case in the extremities in their whole thickness, or only in the 
skin, and in the brain. 

If the main branch supplying an organ, or many large branches of it, become 
■wholly obstructed, and nutritive blood is no longer supplied, nor a sufficient col¬ 
lateral circulation is quickly established, GANGRENE of that organ follows. Gan¬ 
grene is the effect of anaemia. Besides, through stasis in the capillaries and veins, 
a high degree of congestion and even extravasation of blood may take place. The 
extent of the gangrene is always smaller than would be expected from the size of 
the obstructed artery. The gangrene is for the most part moist and odorless. In 
the brain and spinal cord it exists as the so-called softening, mostly white. In the 
surrounding tissues there not infrequently exists a high degree of collateral hyper- 
aemia and even numerous haemorrhages, the latter especially in the brain. Gangrene 
very rarely occurs in the parenchyma. CoHNHEIM (1. c. p. 7G) saw total embolism 
of the renal artery, and consecutive total necrosis of the kidney. 

Or haemorrhages arise: superficial bleedings, or bloody infiltrations in 
extended organs, haemorrhagic infarctions in parenchymata. Such occur 
most often in the lungs,, spleen, kidneys, less frequently in the brain, 
retina, intestinal tract, never in other organs. Both processes, gangrene 
and haemorrhage, occur only in organs where, between the obstruction and 
the capillaries, insufficient, inconstant, or no arterial anastomoses exist. 
Besides, haemorrhages can occur only in organs where the veins are without 
valves. These conditions are found especially often in the lungs, spleen 
and kidneys. 

True terminal arteries are present in the organs named, in the retina, and interior 
of the brain. Cerebral anastomoses, at a distance from the circle of Willis, are 
inconstant and very small. They are constant but much too small in the last arterial 
branches of the pulmonary arteries, the inter-alveolar arteries. According to Rind- 
fleisch ( Lehrb ., 1873, p. 395), not only all the main branches of the pulmonary 
artery, but also those entering the lobules, running between two neighboring lobules 
as well as finally the smallest branches are terminal arteries. 

Haemorrhagic infarctions are more often peripheral than central; they 
are black-red, firm, homogeneous, or, according to the structure of the organ, 
horny, striated, etc. In their farther progress they grow pale from the 
centre outward (or this was pale from the beginning), and may become 
absorbed through fatty metamorphosis with subsequent scar. They less 
frequently entirely, or at points pass into suppuration, or ichorous trans¬ 
formation, or gangrene. 

Haemorrhagic infarctions were until recently regarded as haemorrhages in conse¬ 
quence of high grades of collateral hyperaemia: it was believed, that through the 
sudden obstruction of numerous capillaries and of the smallest arteries supplying 
them, there arose a stronger hyperaemia and rupture of the central and peripheral 
capillaries, veins and smallest arteries (especially in yielding tissues, like the lungs, 
spleen, bi'ain), and coagulation of the extravasation. COHNHEIM has shown, that 
they arise from a recurrent movement of the blood in the formerly streamless veins, 
and from haemorrhages in the district occupied by their capillaries. With respect 
to this, direct observation above all bears testimony ; farther, that the infarctions do 
not appear immediately after the embolism, but only a little time after; then that 
in haemorrhagic infarction of the lungs the arterial embolus is not situated exactly 
at the point of the infarction, but somewhat to one side. Besides, there is a fre- 
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quency of infarctions in the organs named above: emboli, when their origin is in 
the heart and are not too large, are transported everywhere, but in all parts, except in 
the organs above-mentioned, anastomoses are present in the arterial system and 
there are no terminal arteries. The ABSENCE op HAEMORRHAGIC INFARCTIONS in 
the liver has its explanation in this, that there is almost no source of simple 
mechanical emboli in the portal vein. The non-appearance of a haemorrhage in 
other cases is in different localities explained in different ways. Behind the embol¬ 
ism of a large terminal artery the blood in the corresponding large veins may coagu¬ 
late : thus in the larger branches of the pulmonary and renal veins. The situation 
and position of the affected organ may also be of influence: in the brain, e.g , the 
recurrent venous stream is much more easily established, when it is favored by 
gravity. Farther, the energy of the heart’s contractions is of influence : e.g., in 
inflammation of the aortic valves with cardiac hypertrophy of the left side, when 
positive pressure also is more considerable in the veins, a quicker infarction is possi¬ 
ble. In partial embolism, as well as with the existence of too small anastomoses, 
there is still in the embolized part a circulation very weak in quantity, velocity 
and pressure, which circulation may indeed render difficult the recurrent venous 
stream, but not sustain nutrition (Oohniieim). 

Or, finally, there arise metastatic abscesses. These occur through 
embolism acting mechanically, but especially by chemical means, namely, 
bodies impregnated with putrid material. They mostly exhibit in trans- 
vei'se section three layers: a purulent, or necrotic centre, into which the 
occluded artery leads and the veins filled with coagula from the periphery; 
an infarcted mass of tissue saturated with blood-corpuscles and fibrin; an 
external zone of collateral hypenemia. Embolic abscesses are of various 
sizes and forms. The larger occur only in the lungs and liver; in other 
organs they are about the size of a millet seed. They are mostly globular, 
less frequently longitudinally striated, etc. They occur in the interior as 
well as (like infarctions) on the surface of organs. 

According to Coitntieim:, embolic abscesses are dependent either upon obstruction 
of the capillaries or smallest arteries; or, as in the lungs and liver, upon plugs in 
arteries which behind these are still supplied with numerous anastomoses. In both 
cases there is no true interruption of the circulation, but a purulent inflammation, 
which is consequent upon the presence of an injurious foreign body. The size of 
the abscess, its course, etc., are dependent only on the size and the injuriousness of 
the embolus, and on the liability of the organ to damage. 

If the vessel be not completely obstructed by the embolus, as is the 
case especially in emboli of firmer consistence, which cannot adapt them¬ 
selves to the inner form of the vessel, also as is usual in the case of 
emboli fixed at the point of division of the artery, then the affected arte¬ 
rial region becomes only transiently anaemic, and only until a sufficient col¬ 
lateral circulation is established. The open interval either remains, or 
becomes closed by supplementary deposits of fibrin. 

Capillary embolisms frequently are of no importance, when their num¬ 
ber in the same capillary district is not too great, since only the capillary 
affected is closed; less often are they the cause of punctiform extravasa¬ 
tions. The latter are explained by the changes of the vessel-wall, which 
arise during the obstruction, but they do not appear till after the removal 
of the embolus. 

The structure of the organ exercises an influence in various ways by 
means of its changes from embolism of its nutrient vessels. Under all 
circumstances there arise acute or chronic disorders of nutrition. The 
firmer the tissue, the less the liability to haemorrhages and to the develop¬ 
ment of an abundant collateral circulation; the softer it is, the more easily 
do haemorrhages occur, and sufficient collateral currents. The more vascular 


SYMPTOMS OF EMBOLISM. 


207 


it is, so much the earlier does gangrene appear in absence of a collateral 
circulation. The most extensive and quickest destruction of tissue follows 
embolism of the capillaries in soft textures (lungs, liver, spleen, brain); 
there arise metastatic abscesses. The tissues are destroyed more slowly 
in the kidneys and still more so in the skin: here there are formed firm, 
yellowish white, purulent plugs, so-called furuncle. In the bones, ne¬ 
crosis takes place only after a long time, the dead parts gradually becoming 
loosened, so called sequestra. 

In organs with a double system of vessels, functional and nutritive, 
embolism of the nutritive vessels affects the texture and function at the 
same time, because function is possible only during normal nutrition. In 
embolism of the vessels of function, normal nutrition remains; but the 
inactive parenchyma often becomes atrophied, not infrequently with hyper¬ 
trophy of the interstitial connective tissue. Nutritive blood can act 
vicariously for the functional, but not vice-versa. 

The collateral circulation of parts obstructed by embolism is, as said 
above, of the greatest importance with respect to the future of the organ 
affected. The quicker it is established and the more efficacious it is, the 
less the anatomical and functional disturbance. It arises either from other 
branches of the embolized vessel, or from other vessels, but of the same 
kind, or finally from vessels of an altogether different character: both the 
former modes are seldom found in the brain where only laige and very 
small, but no intermediate anastomoses occur; the latter mode occurs in 
the lungs, in obstruction of the pulmonary artery on the part of the 
bronchial arteries. In diseased vessels a collateral circulation is usually 
less complete. The collateral circulation already established can thereby 
in turn be interrupted, so that the primary coagulum gradually grows 
toward the heart. 

In a case cited by Virciiow, the main vessel of the whole pulmonary lobe of a dog 
was totally obstructed by embolism, by injection of large particles into the jugular 
vein. When the animal died, after a half year, the autopsy showed that while an 
injection-mass could not be driven from the right side of the heart into the affect¬ 
ed lobe, the most delicate injection of the pulmonary vessels could be obtained from 
the very dilated bronchial arteries. The lung itself was normal. 

The influence of embolism on the whole organism depends: upon the 
interruption or abolition of certain functions essential to the organism 
(embolism of the pulmonary artery, of the portal vein, of the cerebral 
arteries); upon irritation of the sensory nerves in the affected organ and 
their refiex action on other parts and functions (chills, fever, convulsions, 
neuralgia); upon the sudden diminution of the current, and the recurring 
congestion and plethora (congestion, syncope, asphyxia); upon softening, 
gangrene of the organ ; upon the sequelie of absorption (septicaemia), etc. 

Symptoms of embolism. 

Autochthonous thromboses differ from embolisms in that the consequent 
phenomena arise slowly, while in large embolic obstructions with shock, 
the consequences of the cut-off blood-supply appear in a day. If, e.g., 
embolism affect one of the larger arteries of the brain (art. fossce Sylvii), 
apoplexy immediately follows, i.e ., paralysis of the part of the brain affect¬ 
ed ; if it affect a large branch of the pulmonary artery, there appears sud¬ 
denly the danger of suffocation ; if one of the coronary arteries of the heart, 
there follows acute paralysis of the heart’s movements, pain, feeling of 
impending annihilation with retained consciousness. A great portion of 
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the sudden amauroses in pyaemia, puerperal fever, acute rheumatism of the 
joints, are of an embolic nature: their immediate cause is the acute endo¬ 
carditis often complicating those processes. In embolic obstruction in an 
extremity, there suddenly appear severe pain, a feeling of numbness, 
sometimes a chill, sometimes loss of the sense of touch, with general 
pains, paleness, and a feeling of cold, weight and paralysis of the muscles. 
The pulse beneath the obstructed part is no longer felt, above it beats 
with so much stronger impulse. 

With respect to the locality of attack, the already mentioned frequency of embo¬ 
lisms on the left side is important. Embolic paralyses of the brain are examples, 
because the left hemisphere is commonly affected, mostly the right half of the body; 
embolic paralysis of a lower extremity is usually on the left side. 

If death does not immediately follow embolism, a recovery can take place 
after the first severe symptoms, which are often attended by a chill. Even 
the most severe and most striking symptoms (paraplegia, hemiplegia, motor, 
sensory paralyses of an extremity, attacks of dyspnoea, symptoms of angina 
pectoris, etc.), can, after minutes and hours, entirely disappear, if the ter¬ 
minal arteries be not obstructed, and if with corresponding quickness a col¬ 
lateral circulation be established. This can rarely be entirely over¬ 
looked during life. The disorders, which are manifested as external symp¬ 
toms in the obstructed region, are therefore very different. Ischaemia is 
often so considerable, that the veins also immediately lose their power to 
carry the blood onward. In the extremities, especially, a bluish-redness 
appears soon after the first paleness, also some oedema, small hamiorrhages, 
even the formation of vesicles; sometimes true venous thrombosis. On 
the other hand, through obstruction of a small branch, so much blood may 
flow into the vessels near by, as to give rise to symptoms of inflammation. 

There may, e.g., be an embolic obstruction in one carotid within the carotid canal, 
and a resulting paralysis of one side; but it will just as quickly disappear, since the 
blood soon becomes supplied from the other side through the circle of Willis, and 
also from the vertebral and basilar arteries. But if the embolus affects the region 
above the circle of Willis, e.g. , in the art. fossce Sylvii , hemiplegia follows. 

The usual termination, however, in the case of large and complete arte¬ 
rial obstructions, especially of the brain and extremities, is softening or 
gangrene, which for weeks and months proceeds continuously to the 
point of obturation. 

In parts poorly supplied with nerves (liver, spleen, kidneys, most mucous 
membranes) the more important symptoms are wanting, or the embolisms 
are entirely without symptoms. Bloody expectoration frequently appears 
in consequence of collateral hyperaemia in the lungs dependent on embolus, 
in the kidneys, occasional hsemaburia. Symptoms of partial pleurisy, and 
peritonitis, are frequently present as a consequence of peripheral infarc¬ 
tions in the lungs, liver, and spleen. 

In embolism of the mesenteric arteries, there occur copious, even exhaustive intes¬ 
tinal haemorrhages, abdominal pain (sometimes like colics and very intense), finally 
tympanitic distention of the abdomen and peritoneal exudation (Coiin, Opi’olzeu, 
Geuiiaudt, Kussmaul. Hegar). 

Boiin (Jahrb. f. Kderheilk. , 1808, I., p. 391) holds Wrr, LAN’s erythema nodosum 
and Schonlein’s peliosis rheumatica , also Hueteu’s (Klin. d. Qelenkkrkh . , 1870, p. 
98 ft.) polyarthritis synonialis acuta (acute rheumatism of the joints), to be of em¬ 
bolic nature. 
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According to Bast IAN (Brit. Med. J., Jan.. 1809), obstruction of small arteries and 
capillaries by white blood-corpuscles in the gray matter of the brain in intense 
febrile disease, is the cause of the delirium, and stupor, and other symptoms of the 
typhoid state. 

Farther important differences in the symptomatology arise, according as 
the embolism affects the vessels of nutrition or function. With respect to 
the latter, the pulmonary artery chiefly is of interest. 

Embolic obstructions of its smaller branches, are of all embolisms the 
most frequent, but almost always entirely without symptoms. Also when 
larger branches of the pulmonary artery become obstructed by emboli, no 
symptoms appear. In the dead body the affected parts of the lungs are 
sometimes not essentially changed, because the bronchial vessels dilate vica¬ 
riously, sometimes are amende, collapsed, and somewhat emphysematous; 
sometimes haemorrhagic infarctions are found, surrounded by collatei-al 
hypersemic tissue. Only when numerous small branches of the pulmonary 
artery are closed at the same time or soon after one another, or when a very 
large branch is obstructed, when a large part of the lung is thus suddenly 
deprived of blood and on that account so much the more blood flows into 
other parts, do marked symptoms appear. Suddenly apnoea appears, 
and after longer duration, in consequence of collateral hyperaemia, acute 
oedema. Percussion is normal, but when oedema exists, auscultation reveals 
fine rales. The inspiration is free. The pulse is sometimes small, the 
skin and mucous membranes are very pale ; the second sound, and the 
heart’s impulse are increased ; the extremities become cold, the muscles 
weak. Death follows from anaemia of the spinal cord. In the autopsy 
both halves of the heart are found in diastole, the left cavities and the 
pulmonary veins empty, the right cavities filled with blood, the cardiac veins 
strongly distended. 

Sudden death in severe embolism of ttie pulmonary artery depends 
upon the want of blood-supply to the brain and medulla oblongata. The phenom¬ 
ena of death from the indirect interruption of the arterial blood supply to the great 
nerve centres, are altogether identical, and the mechanism of death is in both cases 
the same. In this it is a question neither of suffocation, nor of paralysis of the heart. 
In extensive embolisms of the pulmonary artery, the first quite constant phenomenon 
is the extreme paleness of all visible parts of the body (conjunctiva, gums. lips). The 
white brain matter is entirely empty of blood; the veins and venous sinuses of the 
brain are filled with blood. This paleness is immediately followed by constant 
tetanic extension of the limbs, involuntary evacuation of the urine and feces, and 
very deep inspiratory movements (Panum’s experiments). 

The SYMPTOMS of (Japillary embolism have until now been almost only 
accessible to ophthalmoscopic examinations. 

Embolism of the pulmonary capillaries with great quantities of air or of 
liquid fat also lies at the foundation of a number of cases of sudden death. 
The causes of embolisms of air are injuries (usually wounds, rarely ulcera¬ 
tions, etc.) of the larger veins in the lower part of the neck, of the upper 
part of the thorax, of the axilla, rarely of the upper, almost never of the 
lower extremities, with aspiration of external air: of embolisms of fat, 
extensive lacerations or contusions of the subcutaneous adipose tissue, and 
especially of the marrow of bones. From embolism there arises an in¬ 
sufficient decarbonization of the blood, and especially a stoppage of the 
supply of arterial blood to the spinal cord. Small quantities of air and of 
fat are probably diffused, oxidized, etc., and for the most part therefore un- 
injurious. 
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Consult Amussat, Reck. s. Vintroduct. acrid, dc Vair dans les veines, 1838; Poi- 
skuixle, Merciek, Beck, 0. Weber, Handb ., p. 95; the Author, Arch. d. 
Heilk., III., p. 241; VI., pp. 146, 368, u. 481; Buscii, Virch. Arch., XXXV., p. 
321. 

Besides, concerning the symptoms of embolism of putrid and gangrenous material, 
concerning “ metastases,” vide Gangrene, Pyaemia, etc. 

Tiie symptoms of embolism of the lymphatics are not yet known. 
Besides, embolism can occur only in subordinate proportions, because those 
vessels enter the lymph-glands before terminating in the larger branches, 
especially the thoracic duct. 

Consult, on the other hand, the opposing experiments of Sciiweigger-Seidel, 
Stud. d. phys. Inst, zu Breslau , 1861, 1. H., p. 67. 

The diagnosis of embolism depends: 1, upon a knowledge of the sources 
of embolism ; 2, upon the proof of the diminution, or of the sudden entire 
disappearance of the thrombosis serving as a source; 3, upon the appearance 
of atypical chills, with or without enlargement of the spleen, with complete 
remission of the fever; 4, upon the sudden appearance of a series of dis¬ 
turbances in the function of an organ, which find in embolism their full, if 
not also their exclusive explanation, and which usually appear from the 
first with all their intensity, and either lead quickly to an unfavorable ter¬ 
mination, or quickly or slowly, in their farther progress, assume a some¬ 
what more favorable course. 


4. haemorrhage. 

(Hiematorrhoea s. Profiuvium Sanguinis.) 

C. J. Meyer, System. Handb. zur Erkenntniss und Ileilung der Blutflusse , 2 Bde., 
1804 et 1805.— Virciiow, Virch. Arch.. 1847, I., p. 379; WOrzb. Verh., VII.; 
Ilandb. d. spec. Path. u. liter., I., p. 227; Die krankh. Geschwiilste, I., p. 128.— 
Pestalozzi, Ueb. Aneur. spuria der kleinen Qehirnarterien und deren Zusammen- 
hang mil Apoplexie, Wurzburg, 1849.— Paget, Bind. Med, Gaz.. 1850.— Sticii, Ann. 
d. Berl. Char., 1852, III., p. 192.— Moosherr, Ueb. d, path. Verh. d. Id. Hirngeff, 
1855. —Beckmann, Virch. Arch., 1861, XX., p.227.— Rindfleisch, Arch. d. Heilk., 
1863, IV., p. 347; Experimental stud. ub. d. Histal. d. Blutes, 1863.—O. Weber, 
Handb. d. ally. u. spec. Cltir., 1865, I., p. 119.—Consult besides the surgical works 
of Bell, Boyer, Velpeau, Billroth, Erichsen, Gross, Holmes. 

By the term haemorrhage is understood the escape of blood, through 
various pathological conditions, from its natural reservoirs (extravasa¬ 
tion). This takes place as well in the heart as in the arteries, veins, and 
capillaries; hence we have cardiac, arterial, venous, and capillary 
haemorrhages. Parenchymatous haemorrhages are those which simulta¬ 
neously proceed from numerous small arterial and venous branches, and 
capillaries. 

Every large extravasation of blood, i.e. of serum and blood-corpuscles, 
also every escape of a large quantity of red corpuscles outside of the vessels, 
presupposes a rupture of the vessels : “haemorrhage per riiexin.” 
Since this is often not demonstrable, especially almost never with respect 
to the capillaries, rarely with respect to the small arteries and veins, the 
demonstration in doubtful cases of a great quantity of red blood-corpuscles 
outside of the vessels is sufficient. The smaller and smallest haemorrhages, 
especially from the capillaries and smallest veins, may occur without visi- 
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ble INJURY TO the vessels. The blood-corpuscles leave the vessels, accord¬ 
ing to some, by a kind of trickling process: “haemorrhage per diapedi- 
sin ” ; according to others, through very tine, preformed openings in the 
walls of the vessels (stomata): bleeding per anastomosin. 

Demetrtus assumed, besides the three named kinds of hemorrhage, one per 
diabrosin (by ulceration, etc.), and another per dmresin (by wounds, etc). 

With res- ect to the form and manner of the occurrence of haemorrhages through 
uninjured vessels, opinion is still divided. According to Stricker, Wien. Sitzgsber ., 
18C5, the process is an ACTIVE one : the capillary wall, which, according to him, is 
protoplasm in tubular form, and capable of independent alternate contraction and 
dila ation. takes up the blood-corpuscles aud forces them out. According to CoiiN- 
heim {vide Inflammation), the process is a passive one: the increased blood-pressure 
dilates the (according to him) preformed openings in the vessel’s wall, and through 
these the blood-corpuscles are pressed out. 

Rupture of the heart and bloodvessels affects in most cases all tiie 
tunics or membranes. Only in the arteries, especially the aorta and in 
the arteries of the brain, does it happen, that only the intima and media, 
under these conditions always degenerated, are ruptured, while the adven¬ 
titia remains uninjured, and that the blood accumulates in the spaces be¬ 
tween the latter and middle coat (so-called dissecting anuerism). 

Since the external surface of the vessels in almost all parts is con¬ 
tinuously connected with the parts surrounding them, a great haemorrhage— 
if we except those upon the surface of the body and in the cavities—is 
only possible, when the blood can collect between the tissues and the ves¬ 
sel, as in parts which are dense, or when the surrounding parts are at the 
same time lacerated, as happens in almost all the softer organs. In the 
smaller and smallest haemorrhages lacerations of this kind need not occur, 
since the blood-corpuscles pass into the surrounding lymphatics (lymphatic 
sheath), into the preformed spaces of the connective tissue and into the 
lymphatic radicles, and, under certain circumstances, between and into 
epithelial and glandular cells. 

Haemorrhages are distinguished as external and internal, with respect to 
the LOCALITY OF THE EXTRAVASATION. EXTERNAL HAEMORRHAGES are those 
which occur on the surface of the body or on the surfaces of mucous mem¬ 
branes lyiug near it and visible (nose, mouth, vagina, rectum). With 
respect to haemorrhages on the surface, if they occur slowly with frequent 
repetitions they receive the name of bloody fluxes. They occur on the 
surface of the skin, when normal (bloody sweat), as well as from wounds 
and ulcers, but especially on mucous membranes, rarely from gland-ducts. 
Internal haemorrhages are those which occur in pre-existing cavities and 
canals, sometimes in the parenchyma of parts, and usually do not extend 
from these, or to a slight distance, or only after some time to the surface. 
From this it appears that no sharp boundary exists between external and 
internal haemorrhage. 

The escaping blood is either pure, or—and in all propoi’tions— mixed 
with secretions and excretions (bloody urine, stool, tears, sweat), or with 
exudates (so-called haemorrhagic exudations). 

The following kinds of haemorrhage are determined by the relation of 
the extravasation to tiie tissues. If the haemorrhage is small, more 
superficial, and exercises little pressure upon the tissues or slightly lacer¬ 
ates them, it is termed suffusion, haemorrhagic infiltration, and if puncti- 
form, EGOHYMOSIS. If the effusion of blood is large and connected with 
great separation of the tissues, with little or no destruction of them, they 
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are called haemorrhagic infarctions ; or, if the effused blood forms a 
tumor on a surface, elood-tumors, blood-boils, h.ematomata. If blood 
is effused in large quantity and the tissues are destroyed, it is known as a 
Haemorrhagic focus, blood-slough. 

Haemorrhages in various parts of TnE body receive names by combining 
either “idemo,” or “ ilkmato,” or “riiage,” with the name of the part: e. g., in 
the uterus as haematometra (accumulation of blood in the uterus), or metrorrhagia 
(flow of blood out of the uterus); by haematothorax is understood haemorrhage into 
the pleural cavities, by haematocele that into the vaginal membrane of the testicles, 
by pneumorrhagia haemorrhage into the lungs. Besides, the words haematuria, 
bloody urine, haematemesis, bloody vomit, haemoptysis or haemoptoe, bloody sputa, 
etc., are in common use. By PURPURA or PETECIHaE (spots similar to those caused 
by flea-bites) is understood, small, purple-red, rounded effusions of blood in the skin; 
by MELaENA, the escape of black blood by vomiting (or stools); by HAEMORRHOIDS, 
haemorrhages of the rectum ; by sedes ententes bloody stools, by epistaxis bleeding 
from the nose. Large haemorrhages in external parts, especially of the extremi¬ 
ties, where they are connected with an otherwise normal artery, are called false 
or TRAUMATIC ANEURISMS. 

For haemorrhagic foci, or for all kinds of haemorrhage many use the word apo¬ 
plexy. * This word, however, refers only to the sudden interruption of the functiou 
of an organ, and since this is very frequent in the brain, but not always dependent 
on effusions of blood, the word is better used in its literal sense. 

The quantity of effused blood varies in every conceivable degree. In 
many cases so great a quantity of blood is poured out in the shortest time, 
that death follows within a few seconds: e.g., in rupture of the heart, and 
of the larger, mostly arterial, rarely venous vessels (bursting of aneurisms, 
corrosion of the gastric arteries from ulceration, etc.)—apoplexy in its 
old sense. Or there happens an effusion of blood only by drops: stilli- 
cidiurn sanguinis, or staxis , as in the nose, intestines, etc. Or, only single 
blood-corpuscles appear by diapedesis, or through preformed very fine 
openings through the capillary wall or walls of the smallest veins, so that 
the haemorrhage is recognizable only through the microscope: this happens 
in congestive and in mechanical hyperaemia (vide p. 180 et 186), in hyper¬ 
aemia of inflammation, in primary haemorrhagic exudations. 

Haemorrhages with escape of blood by drops are sometimes visible on the surface 
of granulations and villous vascular new-formations (e.g., cauliflower growths iu the 
vagina) to the naked eye. They occur, according to Virchow, sometimes also on 
the surface of large aneurisms, e.g., of aneurisms of the arch of the aorta, when 
they have pierced the sternum. 

THE CAUSES OF H.EMORRHAGE. 

They affect normal tissues as well as new-formations. 

1. From forces acting externally to the vessels. Here are classed 
the different wounds of vessels, cuts, stabs, and injuries of all kinds 
(most of the accidental or intended injuries of the soft parts of the trunk 
and extremities, contusions, bruises, etc.; similar injuries of the bones; 
fractures, etc., of them; cephalhaematoma; haematoma of the muscles, 
e.g., of the sterno-cleido-mastoideus; that of the external ear, othaema- 
toma, especially of the insane; wounds from swallowing sharp or pointed 
objects; those of the skin and mucous membranes from friction, the action 


* This perverted use of the word apoplexy, so common in text-books and lectures, 
has proved most misleading to students. Previous to 1820 the word was employed, 
as it should be, to denominate a group of symptoms, which may be caused by many 
morbid conditions (not haemorrhage alone).— [Ed.] 
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of substances producing excoriations, etc., especially in the urinary tract 
(catheter, calculi), in the lower part of the intestinal canal (hard feces), 
in the upper part (by intestinal worms : anchylostomum duodenal6—vide 
p. 124), in the genitals (subcutaneous haemorrhages and galling from 
coitus—hsematoma of the vulva from pressure of the head of the foetus 
in parturition); by stretching and tearing, especially of the granular sur¬ 
face of ulcers, as of the lower part of the rectum, of the chapped surface 
of the lips and hands; in the breaking open of cancers on the surface of 
the skin and mucous membranes. 

Through traumatic causes is explained the origin of hematocele from 
hydrocele, hcematoma patellare from a hygroma, as well as the bloody mix¬ 
tures in many strumous, serous, mucous and colloid cysts (so-called luema- 
tocystides). 

Strong muscular movements, as straining at stool, sneezing, coughing, 
e.y. in whooping-cough, are often followed by rupture of vessels. Some¬ 
times the vessels or organs were previously affected e.y., strong bodily 
movements cause hsematuria, during the existence of renal and vesical 
calculi). After general convulsions there are frequently seen in the dead 
body small subserous and other haemorrhages, in tetanic spasm often haemor¬ 
rhages in the muscles; even in the skin of the face of the living after 
severe epileptic convulsions. 

Here also belongs the influence of a decrease of atmospheric pressure, 
as may be seen, under cupping-glasses, Junod’s boots, and sometimes in 
the climbing of mountains. 

2. Diminished capacity of resistance of the wall of the heart and 
vessels, dependent upon original or acquired changes in their texture. 
Here belongs in the first place the long exclusion of the blood from a 
vascular region and the resulting softening of the vessel-wall in embolic 
processes, etc. (vide p. 203). Under this head belongs also inflammatory 
and gangrenous softening and fatty metamorphosis of the circulatory appa¬ 
ratus. Thus arise ruptures of the heart from acute and chronic myocar¬ 
ditis and from fatty metamorphosis of the muscular substance of the heart: 
ruptures of arteries of every calibre from chronic endarteritis and fatty 
metamorphosis of the internal and middle coats, sometimes with prior 
aueurismal dilatation (in the brain, in the lungs, etc.), sometimes without 
these (as in haemorrhagic infarctions of the lungs in cardiac affections, 
etc.) ; ruptures of veins in parts destroyed by gangrene, etc. ; rupture of 
the capillaries from their fatty metamorphosis. Besides, all young vessels 
have very delicate walls : hence the frequent haemorrhages in the new-born ; 
the bleedings from the quickly grown vessels in inflammation (in pachy¬ 
meningitis, the cause of the intermeningeal apoplexy or of hsematoma of 
the dura mater), in pleurisy, pericarditis, etc. (haemorrhagic exudations), 
in retro- or peri-uterine liaematocele, in granulations. Finally, haemorrhages 
may appear from diminished capacity of resistance of the tissues surround¬ 
ing the vessels, e.y., of the muscles in waxy degeneration (muscle-haema- 
toma in the rectus abdominis in typhoid fever), of the brain in its softening, 
of the thyroid gland in gelatinous goitre. 

Rokitansky and Vnicnow have seen the vessels of young girls very small and 
thin-walled, and consequent repeated haemorrhages (see Chlorosis). 

Parenchymatous secondary Haemorrhages, so-called, depend partly upon the 
great brittleness of the granulation-vessels, partly upon extended thrombosis of the 
surrounding veins. 

Spontaneous cerebral haemorrhages are almost always dependent upon time aneur¬ 
isms of the cerebral arteries, which aneurisms are extremely small, to the size of a 
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pin’s head and larger (Charcot and Bouchard, Arch, de 'physiol, norm . et path., 
1808), originating in chronic arteritis. (ZENKER.) 

t 

• 

3. Increased pressure of the blood within the vessels in conse¬ 
quence of active or passive hyperemia. Passive haemorrhages, i.e., 
those dependent upon congestion, are very frequent; they arise in conse¬ 
quence of increased lateral pressure of the blood within the veins and 
capillaries. The most marked example of this is found in the congestions 
in the region supplied by the lesser circulation from affections of the left 
auriculo-ventricular opening, or of the mitral valve; hence pulmonary 
haemorrhages are very frequent. Here too belong the gastric and intestinal 
haemorrhages in contractions of the portal vein; the same of the new-born 
from disturbances in the pulmonary and hepatic circulations. ( Vide p. 1'8G.) 


The most striking example of this form of haemorrhage is furnished by ovarian 
cysts, which turn upon their axis and thereby strangulate their vessels: not only the 
cavities of the cysts are filled with blood, but also the cavity of the peritoneum 
contains blood. 

Spiegelberg (Mon. f. Geburts/c ., 18G5. XXVI., p. 10) holds the cranial blood- 
tumor of the new-born to be a local manifestation of the congestions and extrava¬ 
sations in the child’s body, dependent upon obstructions to the interchanges of gases 
and especially upon the premature movements of respiration. They have their origin 
on the cranial bones, because their diploic substance is loosely covered by periosteum, 
and because the vessels of the latter enter the former almost without any sheath, 
and thus are easily ruptured. By this is explained, how that blood effusion occurs 
also after relatively easy births, as well as the almost constant fluidity of the blood, 
at the best with small soft coagula (for it is blood which is effused in threatened or 
actually present asphyxia). 


Active haemorrhages occur in all grades in all forms of active hypek- 
asmia, most often as nasal haemorrhages. Upon a similar cause depends 
also tlie frequent haemorrhages of the brain, the severe bleedings at the 
nose, etc., in hypertrophy of the left ventricle. ( Vide p. 180.) 

Here belong also the “ cohabitation-hajmorrhages ” described by Wernich (Berl. 
Mein. Wschr., 1873, No. 9), which occur during coition, from the peculiarly con¬ 
structed vascular apparatus of the uterine cervix. 

Also vicarious haemorrhages, especially from the nasal mucous mem¬ 
brane, more rarely from ulcers, etc., which sometimes regularly, sometimes 
irregularly occur in the absence of menstruation, are classed under this 
head. 

Finally, from this cause arise most of the luemorrhages which appear in 
the course of inflammations, as well those in common acute inflammations 
as of all mucous membranes, lungs and nerve centres, as the haemorrhages 
in capillary and large embolisms (from endocarditis), as well as chiefly in 
metastatic abscesses : collateral ilemorriiages. 

4. Changes in the walls of the vessels and in the blood at the 
same time : haemorrhagic diathesis, i.e., a condition in which, in the most 
different localities, luemorrhages occur without increased vascular excite¬ 
ment or stagnation. 

The haemorrhagic diathesis forms the chief force in true scurvy, in dis¬ 
eases characterized by extravasations of blood ( i purpura simplex , peliosis 
rlieumatica , morbus macidosus 7 Verlhofii), in the bleeding sickness (haemo¬ 
philia). It also sometimes occurs in typhoid fever, small-pox, scarlet fever, 
measles; seldom in all the other diseases with high temperatures, which 
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then are very dangerous; in some contagio-miasmatic diseases, as yellow 
fever, cholera, the plague ; in septicaemia; in the severe forms of jaundice, 
dependent or not on disease of the liver; in acute poisoning by phosphorus 
and the mineral acids, during the extended use of mercury, in alcoholism; 
in many cases of Bright’s disease; in many diseases of the spleen, especially 
leucocythaemia; sometimes in chlorosis with amenorrhcea, etc. 

The immediate cause of haemorrhage in the haemorrhagic diathesis is still unknown. 
Experiments by Gasfard, Stick, Virchow, 0. Weber, etc., on putrid infection of 
the blood, show that here true chemical substances are the causes of hannorrhages; 
according to Weber, probably sulphuretted hydrogen and snlphuret of ammonia. 
Pkussak (Strickeu, Wiener Sitzgsb ., 1807, LVI.) observed an abundant exit of red 
blood-corpuscles through the uninjured capillary-wall in frogs, perhaps also in rabbits, 
into which he had injected a large quantity of a solution of common salt. This was 
the first certain demonstration of the independence of such hannorrhages from blood- 
pressure, but through blood-changes of a chemical character (or of the vessel-wall ?). 
Coiinixeim ( Die embol. Proc. , 1872, p. 2(1) could not verify these experiments. See 
several cases reported by the author (Arch. d. Ileilk ., 1869, X., p. 327). (See also 
the so-called acute fatty-degeneration.) 

A haemorrhagic diathesis may have its origin in a long use of the mineral acids. The 
effect of iodine in some individuals is peculiar, in that it gives rise sometimes to 
exanthemata, sometimes to haemorrhages. 

Ina case of purpura simplex , Griesinger found in places where tightly bound 
garters had exercised a pressure, almost no purpura spots, and founded thereon a 
therapeusis consisting in bandaging, etc. (Arch. d. Ileilk ., IV., p. 383). 

Haemorrhages are not infrequently dependent upon the simultaneous 
ACTION OF TWO OR MORE OF THE CAUSES NAMED. TllUS, e.Q., bronchial 
haemorrhages from changes in the vessel-wall and from dilatation of the 
vessels actively or passively (congestions from tubercular deposits, etc.). 

Many organs exhibit a stronger predisposition to haemorrhages than 
others, because of the pliability of the surrounding parts ; e.g ., many parts 
of the subcutaneous cellular tissue, of the submucous tissue. The same is 
true of the brain, lungs, spleen, in which organs every intense inflam¬ 
mation is followed by very numerous extravasations : red softening of the 
brain, red hepatization of the lungs, owe color and name to this predisposi¬ 
tion. Other parts frequently become the seat of haemorrhages, only be¬ 
cause they are more exposed to injurious influences, as the nasal mucous 
membrane (mechanical influences, more frequently changes in atmospheric 
temperature), that of the rectum (mechanical influences), that of the con¬ 
junctiva, etc. 

Since the causes mentioned belong unequally to various ages, the old opinion can 
rightly be maintained, that the head in children, the thorax in youth, the abdomen in 
later age, most frequently furnish the causes for hemorrhages. 

The anatomical changes in the bleeding vessels themselves, as 

WELL AS OF THE TISSUES AND ORGANS AT THE SEAT OF HAEMORRHAGE, 
differ, especially with the character of the bleeding vessels, with the size 
of the haemorrhage, with the time since which it occurred, and with the 
kind of tissue and organ which is the seat of the luemorrhage. 

That which first of all concerns the bleeding vessels themselves is that 

THE GREATER NUMBER OF HaEMORRIIAGES CEASE OF THEMSELVES. The chief 

causes of this spontaneous blood-arrest are, first of all, coagulation of 
the blood, which appears as soon as the blood leaves the vessels. The 
influence of the connective tissue, especially of young new-formations ; the 
presence of foreign bodies, among which blood-coagula also belongs; the 
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action of certain secretions (synovia, saliva), and of pus, hastens coagula¬ 
tion. Besides, ‘the spontaneous retraction and contraction of the 
vessels, which appears in the smaller arteries rich in muscular tissue, 
longitudinal and transverse, and is a consequence partly of the removal of 
tension, partly of the traumatic irritation; the resulting tine plaiting of the 
inner surface increases the points of deposit for blood-coagulation. The 
surrounding tissues, at first by their serous or cellular infiltration, later 
by their contraction, cause closure of the bleeding vessels, and thus an 
arrest of the blood, especially if they, like the skin, scrotal sac, labia, mam¬ 
mal, uterus, are rich in contractile tissue, especially in organic muscles; 
while rigid tissues, like spongy bones, tightly stretched fasciae, etc., favor 
the continuation of haemorrhage. The decrease of blood-pressure in 
great losses of blood increases the absorption, causes a quicker influx of 
lymph through the thoracic duct, and thereby a more abundant en¬ 
trance of colorless blood-corpuscles into the blood, and assists also in increas¬ 
ing the coagulability of the blood. Finally, repeated haemorrhages heighten 
the coagulability of the blood: in haemorrhages the last portions of blood 
coagulate almost instantaneously after the flow. 

Some circumstances prevent or render difficult the stopping of 
the blood’s flow. Thus longitudinal wounds and incomplete transverse 
wounds of the vessels, because the contraction of the muscles only dilates 
the wounds, and retraction of the vessel is rendered impossible. Haemor¬ 
rhages in parts which are dependent cease with greater difficulty than in 
those otherwise situated (haemorrhages of the legs, rectum); strong mus¬ 
cular movements promote bleeding (known means of assistance in venesec¬ 
tion). In like manner pressure acts upon one or more of the veins belong¬ 
ing to the same vascular region; also violent expiratory acts, especially in 
crying, coughing, sneezing. Likewise warmth exerts an influence, in that 
it relaxes the vessels. 

The final closure of bleeding vessels follows upon the formation of a 
coaerulum, which fills the wounded vessel as far as the nearest collateral 
branch, and which, within a few weeks, grows pale, becomes firmer, and is 
intimately attached to the vessel-wall: it organizes. This takes place in 
the same way as in thrombosis of another kind (see p. 191). Connective 
tissue-fibres and vessels are formed, which first appear in communication 
with the vessel’s wall, later with the channel of the wounded vessel. 


The MANNER OF HEALING OF BLEEDING PARTS OF THE CIRCULATORY SYSTEM is 
of high theoretical, and especially of practical interest. HAEMORRHAGES FROM THE 
heart, great arteries, and great veins are mostly followed by very quick death : 
in very rare cases a permanent cure takes place after small ruptures of the- heart in 
adhesive pericarditis, and in laceration of the internal and middle coats of the aorta, 
with effusion of blood under the adventitia. Healing of the wounds of TnE re¬ 
maining arteries differs with the size of the artery, and with size and character of the 
wound. After complete section or laceration of small or medium sized arteries in a 
healthy state, the middle coat which is firmly connected with the inner coat, strongly 
contracts transversely, and recedes within the external coat, with which it is loosely 
connected ; a thrombus forms between the point of severance and the nearest branch 
above or below, which thrombus adheres to the vessel-wall, and in the course of time 
continues to shrink. Completely severed arteries of large size likewise contract, but 
for the most part not so completely that the hemorrhage is ax-rested ; this happens 
sometimes, at least temporarily, from a weakness of the heart’s contractions through 
loss of blood, and even faintness. Wounds of arteries which do not affect their whole 
circumference, differ in their effects with the size of wounds. Small penetrating 
wounds mostly give rise to small thrombosis at the point of injury, as well as in the 
tissue immediately surrounding it, and thereby healing. Large wounds which affect 
only a part of the vessel, cause a strong transverse and longitudinal contraction of 
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the walls, especially of the middle coat, which enlarges the wound, and which finally 
can heal only through the formation of a thrombosis of the surrounding tissue, and 
of the artery itself as far as the next collateral branch. Haemorrhages from 
small veins, and FROM those of medium size usually cease through collapse of 
the central and peripheral extremities of the veins, after coagulation of the blood as 
far as the nearest valve, or the nearest collateral branch, and through the adhesion of 
the venous walls; pressure of the surrounding parts assists in the arrest, except when 
the latter are inflexible or indurated. Haemorrhages from the capillaries are 
controlled partly through coagulation of the blood, partly by pressure through con¬ 
traction of the surrounding parts. 

Consult also Biesiadecki (Tagebl . d. Naturf.- Vers., 1872, p. 217). 

' The healing of wounds of vessels is of especial surgical interest in ligature 
of vessels. At the point of ligature there occurs a suppurative dissolution or 
necrosis of the adventitia (the internal and middle coats are cut through by the 
ligature and retract), and eventually a simultaneous solution of the surrounding 
tissues: then the ligature falls off. This takes place, according to the size of the 
vessel, in from three to twenty-six days. It occurs too early, if before the thrombus 
has become organized and shrinks, as in diseased arteries, or if suppuration even 
appears in the thrombus, or if the thrombus is too short (if large branches are given 
off immediately above the point at which the ligature was applied) ; thus giving rise 
to so-called secondary Haemorrhage. 

Klebs describes as septic, or tertiary hsemorrhages those dependent on the penetra¬ 
tion of his microsporon into the arteries or veins. ( Vide pyaemia.) 

The fate of the ligature after ligation of the arteries in their continuity is essen¬ 
tially the same as after ligation of their divided extremity, as in amputations; 
except that a coagulum is formed as far as the nearest collateral branch above and 
below the ligature. Immediately thereafter the vessels above and below the ligated 
artery dilate and introduce the collateral circulation. This is followed, always 
in the small arteries, almost always in those of medium size, and often even in those 
of large size (carotid, crural, subclavian), by a sufficient supply of blood to the part 
beyond; the temperature of the part remains normal, or is lowered for a few hours 
only; all the functions remain unaffected. Proportionately rare are disturbances 
arising from: ischaemia, when the collateral circulation is only incompletely formed ; 
sometimes venous congestions, in consequence of lessened vis a tergo; sometimes 
collateral hyperaemiae, when the collateral circulation has been established too quickly 
and too freely. 

The rapidity of the formation of the collateral circulation after ligation of arteries 
in their continuity, is shown by the following results from experiments made in a 
large fleshy dog by 0. Weber : 

Blood-pressure of crural in free circulation.62-75 mm. 

“ “ “ after ligation at central end.72-85 “ 

“ “ “ “ “ periph. end immediately. 30-33 “ 

One-half hour later... to 44 “ 


Recent Haemorrhages into tissues behave in accordance with the size 
of the haemorrhage, the kind of tissue involved, etc. 

If the haemorrhages are very small, numerous red and isolated white 
blood-corpuscles, alone or at the same time with fibrin in molecular or 
reticulated form, are found in the tissues either within the natural spaces 
of the connective-tissue, especially also in the radicles of the lymphatics, or 
between the separated elements of the tissue (epithelial cells, gland-cells, 
connective-tissue bundles). In these cases the blood-corpuscles, at least the 
red, may penetrate into the interior of cells, whence the cells containing 
blood-corpuscles arise, as well from the contractile cells of connective 
tissue, etc., as from epithelial (oral cavity, oesophagus, bladder, intestines, 
lungs), from glandular cells (spleen, liver), from cellular new-formations 
(carcinoma). It is hardly possible to draw the line between normal and 
pathological cells containing blood-corpuscles: in the spleen, bone-marrow, 
ependyma of the cerebral ventricles, their occurrence is as frequent as their 
absence. 


The author (Arch. d. Ileilk., 1868, IX., p.497; 1869, X., p. 837) has accurately 
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described many forms of such small, epithelial haemorrhages in man. See also the 
chapter on pigment-metamorphosis. 

When the haemorrhages are larger and affect soft tissues, the elements 
of the latter are then often separated from one another : a haemorrhage 
under the surface, especially of cuticular organs, is called haematoma or blood- 
boil ; one into the interior, especially of parenchymatous organs, either 
simple haemorrhage (as into the intermediate space of torn muscles, broken 
bones) or haemorrhagic infarction. Or the tissues, especially in arterial 
haemorrhages, are torn : haemorrhagic focus, clot. 

ILematoma, blood-tumor or blood-boil, forms a tumor-shaped, some¬ 
times more globular, sometimes flatter accumulation of extravasated fluid or 
coagulated blood, and of various sizes, which arises from different causes 
(congestions, etc.), and most often occupies the surface of extended organs. 
Here belong : the blood-vesicles of the skin, which arise on the fingers from 
bruising, and lie in the so-called stratum lucidum; similar haemorrhages 
there, or in the stratified epithelium of the mucous membranes in morbus 
maculosus, etc. ; besides, the so-called blood-boils in the subcutaneous con¬ 
nective tissue, haematoma of the vulva in the tissues of the labia, polypoid 
haematoma of the uterus at the point of insertion of the placenta, cephalo- 
liaematoma between the cranial bones and pericranium, othaematoma between 
the aural cartilages and perichondrium, haematoma of the dura mater between 
the newly-formed layers on its inner surface. To haematomata belong also 
the false or traumatic aneurisms : haematomata are distinguished as diffuse, 
and as encapsuled or circumscribed. 

The origin of OTHEMATOMA is easily explained, according to L. Meyer (Med. 
Ctrlbl., 18(54, No. 55), by the fact that the reticular cartilage of the ear, in all ages, 
always contains vessels. Others, especially Gudden ( Virch. Arch. , LI., p. 457), dis¬ 
pute this. Flesh-moles, so-called, arise from numerous effusions of blood into the 
tissue of the placenta. H.ematomata of the placenta all proceed, according to 
Gierse and H Meckel, from blood-coagula. The youngest hcematomata appear to 
arise only in the uterine portions of the placenta. According to Klebs the effusion 
of blood at first takes place only in the Umpk-spaces of the placenta. 

H.emorriiagic infarctions form a rounded or wedge-shaped, not tumor¬ 
shaped, central or peripheral, circumscribed, dark or black red, dense masses 
of effused blood, which are of different sizes, and on section present a uni¬ 
form or granular appearance. Under the microscope blood-corpuscles and 
fibrin are found, not only in the normal cavities of the organ (alveoli of the 
lungs, urinary canal, etc.), but also between the tissue-elements; the latter 
are usually not at all torn or only partly so, for the most part merely sep¬ 
arated from one another. (See also p. 217.) 

Haemorrhagic foci show a portion of varying size of a tissue or 
organ, oftenest the brain, torn and blood effused into the rent; the blood 
is seldom fluid, mostly coagulated and periplierically containing fragments of 
tissue. In rare cases the fibrin coagulates in the periphery, and forms a 
kind of capsule around the remaining part of the extravasation. 

These all (haemorrhagic infarction, etc.) merge into one another. 

The tissues in the vicinity of recent haemorrhages are seldom normal, 
mostly reddish or yellowish through diffusion of the coloring matter of the 
blood, or through filling of the lymphatics with blood, or through true 
hyperaemia; frequently they are also oedematous. The surrounding tissues 
are even compressed in greater extravasations, as in closed cavities, some¬ 
times in greater extension. 
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In all these cases the torn vessel itself is almost never found. It is most 
frequently found when vessels of medium size, or aneurisms of small vessels 
burst, in capillary cerebral haemorrhages, when the small white points in 
the centre of the extravasation are the torn (arterial) vessels. 

When a hemorrhage into a tissue has taken place, in organs rich in 
lymphatic vessels, a part of the blood, which at the time of the haemorrhage 
was forced into these vessels, is driven still farther on—a process which in 
the lungs and kidneys it is easy to observe. In very small haemorrhages, 
as in those per diapedesin, etc., all the extravasated blood-corpuscles may 
in this manner be removed. In the remaining cases, however, all or nearly 
all the blood remains, and here becomes farther changed. 

Orth ( Virch. Arch., 1872, LYI., p. 209) found in a case of traumatic hemor¬ 
rhage of the lower extremity an inguinal gland of the size of a plum, dark red, fixed ; 
its lymph-vessels were filled with blood-corpuscles, as well as the glandular paren¬ 
chyma, the lymph-corpuscles of which were entirely wanting. 


The CHANGES WHICH extravasated blood undergoes are: most fre¬ 
quently resorption, at first of the serum, then of the remaining constitu¬ 
ents. The latter are seldom absorbed before the appearance of coagulation, 
as in cephalhematoma of the new-born, etc. Resorption appears mostly only 
after coagulation. This becomes possible by simple solution of the fibrin 
and transformation of the white blood-corpuscles into albuminous and fatty 
detritus. To this perhaps also is added a sei’ous exudation from the sur¬ 
rounding vessels. Resorption of the red blood-corpuscles, according to 
some, is accomplished by their entrance in toto into the interior of surround¬ 
ing cells, and there undergoing farther change; according to others, on the 
other hand, by the transformation of their pigment at the place of extrava¬ 
sation into granular or crystalline haematoidin (vide Pigmentary Metamor¬ 
phosis). In most of the larger haemorrhages with more or less laceration 
of the tissues, a complete restitution of the latter never takes place. 

A drying-up and final wearing off of the bloody effusion occurs in small 
liaematomata, which occupy the epithelial layers of the skin (blood-blisters) 
or mucous membranes provided with laminated epithelium (oesophagus, 
bladder). 

A ciieesy metamorphosis of the blood-coagulum occurs sometimes in the 
interior of normal tissues, especially of the lungs and spleen, as well as 
within large vascular new-formations (many cancers, especially of the 
kidneys). 

More rarely there occurs calcification, as well as amyloid degeneration 
of the coagulum. 

Only rarely it softens, sometimes with consecutive suppuration. This 
happens in large open wounds of the surface, also (after considerable 
bruises) in the interior especially of the extremities, rarely in the cavities 
of the joints, in mucous membranes, and lung-tissues. 


Many cases of so-called brown softening of the oesophagus and stomach are depend¬ 
ent upon haemorrhagic infarction with consecutive solution by the contents of the 
stomach (Author, Arch. d. Heilk ., 1867, VIII., p. 464. Hoffmann, Virch. Arch. 
1868, XLIV., p. 352). 

Sometimes the effused blood becomes putrid in consequence of the con¬ 
tact of air, in haemorrhages of the surface of the body and of the lungs, or 
from cont ict with the secretions (urine, fieces). Similar changes may then 
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extend to the surrounding tissues and become the causes of gangrene or of 
septicaemia. 

Should life continue for weeks and longer after the occurrence of extra¬ 
vasation, still farther transformations appear in the latter itself, and in the 
tissues immediately adjacent to it. These changes consist in the organiza¬ 
tion of the effused blood, and in an analogous tissue-formation in the sur¬ 
rounding parts. Examples of this are furnished by tissues of almost every 
kind, especially the subcutaneous cellular tissue, muscles, bones, lungs, brain. 
Organization of the whole mass of effused blood is comparatively rare, and 
has been recognized with certainty in only a few places: in tenotomy, in 
cuts and bruises of the muscles, in fibrous polypi of the uterus, in many 
cerebral haemorrhages connective tissue thus has its origin, while in fracture 
of bones, in cephalsematoma, etc., osseous tissue is formed. Much more fre¬ 
quently the periphery only of the effused blood is organized, while its central 
portion liquefies and is wholly or partially absorbed: apoplectic cysts and 
indurations. Not infrequently the tissues in immediate contact with the 
extravasation in part maintain their integrity and become in part absorbed, 
so that generally a regularly rounded space is formed, the inner surface of 
which becomes, tln-ough the organization above-mentioned, smooth and 
dense: so-called apoplectic cyst. This is filled at first with a pultaceous 
mass, later with serum. Its internal surface is often of a yellow color from 
pigment-change, red or blackish, but always without epithelial lining. 
Cysts of this kind almost always continue to exist. Apoplectic cicatrices 
have for the most part an immediate origin, rarely after previous formation 
of cysts. These cicatrices represent an irregularly shaped fissure, whose 
walls are indurated and are in immediate contact with one another, or are 
separated by pigment. 

The changes which appear in tissues surrounding old haemorrhagic 
collections are, besides the pigmentation, connective tissue or osseous new- 
formations, and the anaemia and hyperaemia already mentioned: inflamma¬ 
tion, suppuration (absces hematiques), gangrene, atrophy of essential tissue- 
elements. 

Haemorrhages into pre-existing cavities and canals behave in a quite 
simple manner. 

In haemorrhages into serous cavities the blood is not rarely entirely 
absorbed: thus in traumatic haematotliorax, liaematocele. Otherwise the 
above-mentioned metamorphoses set in, especially pigmentary metamorpho¬ 
sis of the corpuscles, and drying or softening of the fibrin. Larger haemor¬ 
rhages are sometimes followed by suppurative inflammation. The blood 
freely effused into the pelvic cavity in peri- or retro-uterine hannatocele is 
reabsorbed, or encapsuled through a reactive peritonitis, or it suppurates. 

The blood effused upon mucous membranes does not long remain where 
extravasated, but is removed in various ways. The mucous membrane 
itself often shows no changes worthy of notice. Here it is to be observed 
that the point at which, in the dead body, the blood is found does not 
always correspond with the proper seat of the haemorrhage: in gastric 
haemorrhages the stomach is sometimes empty, while the small and large 
intestines contain blood in large quantity; in haemorrhages from one lung 
blood is not infrequently found in the bronchi and alveoli of this, as well 
as in those of the other lung, or blood in the stomach, etc. But if the 
blood is not removed, it suffers the same changes, as in parenchyma, and 
serous cavities. Especially important in this connection are the haemor¬ 
rhages from the bronchi and bronchiectases in other normal bronchi and 
alveoli of the same lobe or of that of the other lung: the removal of the 
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blood being prevented by various circumstances, the blood here dries up 
and deprives the parts of air, but gives rise also to new catarrhs and infil¬ 
trations ; or it putrefies, as in ulcerous bronchiectasis, and may thus be 
followed by gangrene of the surrounding tissue. 

Perl and Lipmanx ( Virch. Arch., LI., p. 552) found in artificial pulmonary 
hannorrhages of rabbits and dogs, that the blood effused in a bronchial haemorrhage 
passed into the finest bronchi and into the alveoli, that after 12 hours coagula are no 
longer demonstrable in the larger bronchi, that the blood effused into the previously 
sound air-passages does not act as excitants of inflammation, but is gradually re¬ 
sorbed without leaving behind any lung-changes other than moderate emphysema. 

Sommekbuodt (Med. Ctrlbl., 1871, No. 43) injected the air-passages of dogs 
with blood and a solution of the sesquichloride of iron and killed them from 1-12 
hours to 2-12 days thereafter. The blood which reached the alveoli induced con¬ 
stant catarrhal pneumonia. After 4-0, but especially after 24 hours, the character¬ 
istic large cells (Colberg) appear with the blood-cells, and are on the 4-5 day pres¬ 
ent in enormous quantities. The cells have their origin in the epithelia of the alve¬ 
oli ; these increase in size, become turbid, and are distinguished by leaving behind of 
open spaces in the epithelial surface. The great cells take up into themselves red 
blood-cells, sometimes 3 to 5. On the 11th and 12th day the great cells are colored 
brown, and equal those observed in affections of the heart. 

The blood which has passed from bronchiectases or other forms of caverns into 
other parts of the lung, I found in a few cases quite wanting in fibrin. 

That blood, which is freely effused into cavities and remains for a longer time, 
finally organizes, has long been maintained with respect to the bloody or fibrinous 
polypi (polypoid haematoma) of the uterus: This polypus is always a product of 
pregnancy. Either the retained membranes of an abortive or re tamed placenta fur¬ 
nish the stem on to which the blood-mass still farther collects and coagulates, or they 
arise after complete separation of the after birth, through opposition of the fibrinous 
coagula to the protruding thrombi of the part where the placenta was inserted, which 
latter sometimes, during an otherwise tolerable involution of the uterus, protruded as 
a round tumor into the uterine cavity. (Kiwiscu, Scanzoni, Virciiow, Rokitan¬ 
sky, Klob, FkXNKEL. ) 

Haemorrhages into the larger gland-ducts act in general like those on 
mucous membranes; those into the smaller, e.g., sweat-glands, distend 
them and cause small tumoi’s similar to hsematomata. 

SYMPTOMS AND CONSEQUENCES OF HAEMORRHAGES. 

The symptoms of haemorrhage depend partly upon the kind of haemor¬ 
rhage, partly on its size, partly on its location, partly on the changes 
within the extravasation. 

External hemorrhages are easily recognized. In wounds of external 
parts (of the body and of the extremities) the blood flows, with the excep¬ 
tion of rare cases (aneurisma spurium and a. vciricosum) immediately to the 
surface. From the mucous membranes, out of the glands and ducts, the 
blood, wholly or in part, flows immediately to the exterior, e.g ., from the 
nose, mouth, vagina, urethra. Or, the effused blood itself by irritation in¬ 
duces acts which remove the blood : bloody expectoration, bloody vomiting, 
bloody urination, bloody uterine flow, bloody stools. 

The blood of haemorrhage is either pure ; or it is mixed with the contents 
of the channels through which it passes to the exterior, with excrement, 
urine, mucus, gastric juice, air. In general it is cleaner the nearer the 
haemorrhage is to the opening of the cavities. By the urine it becomes 
very dilute, especially if it is already mixed with it in the kidneys; by the 
gastric juice it is colored brownish or black; by the vaginal secretion, its 
coagulation is prevented. Rarely does it come to the exterior in a fluid 
state, but mostly coagulated, in large lumps, or (in the intestine) in crum- 


SYMPTOMS OF HAEMORRHAGE. 


992 

bling masses, or in peculiar shapes corresponding to the locality of the 
haemorrhage (<?.//., uterus, ureters). 

The CHARACTER OF THE HAEMORRHAGE, i.e., THE QUESTION WHETHER A 
Haemorrhage proceeds from an artery or vein or from tiie capillaries, 
is, in many cases even of external haemorrhages, with difficulty and some¬ 
times not at all to be determined. As to whether an artery or vein is 
the cause of a haemorrhage, the following are, with respect to fresh exter- 
NaVL injuries, some of the considerations: the anatomical position of the 
vessels; the thickness of the vessel-wall (but arteries are on account of the 
anomalies of their course not always equally thick ; the wall of veins may be 
thickened by chronic inflammation); the color of the blood (but in deep nar¬ 
cosis from chloroform arterial blood resembles venous blood; in the simul¬ 
taneous wounding of neighbor in" arteries and veins both kinds of blood are 
mixed); the nature of the blood-stream ; in wounds of large arteries and those, 
of medium size the stream increases correspondingly with the heart’s impulse 
and especially with expiration, while in small arteries it is quite regular; the 
blood flows from the veins in a tolerably regular stream, in the cervical 
veins more strongly during expiration (but in high fevers, as well as when 
the veins at the point of injury are immediately bound to an artery, the 
venous stream also shows, of course weak, pulsation. In deep, narrow 
wounds, however, all the above mentioned characters, as well as the direction 
of the wound, are not to be depended upon. To establish the diagnosis 
compression of the larger vessels immediately above the wound is employed; 
generally, haemorrhage from an artery thereby ceases, while that from a 
vein is by the same means increased. Also, the quantity of blood lost 
during a given time is much greater from an artery than from a vein. In 
parenchymatous Haemorrhages a great quantity of mixed blood, i.e., of 
arterial and venous blood, is poured out in a comparatively shor t time; 
the blood streams forth from numberless openings as from a sponge or 
watering spout. The}' occur as well in normal tissues (corpora cavernosa, 
spongy bones, eyelids, tongue, after cuts, lacerations and bruises), as in new- 
formations (vascular tumors, vascular sarcomata and cancers, fungous gran¬ 
ulations). In capillary Haemorrhages the quantity of dark blood effused 
is comparatively scanty. 

Hiemorrhages into the tissue of flat organs are to be recognized only upon 
the skin and the neighboring mucous membranes (conjunctiva, nose, mouth, 
pharynx, etc.), the blood appears through the surface with a bright or dark- 
red color, according to the quantity of the extravasation. The skin or 
mucous membrane is not thereby raised ; or it forms a diffuse or circum¬ 
scribed tumor (hsematoma). Larger haemorrhages under the periosteum de¬ 
termine an insufficient nourishment of the surface of bones. Larger 
haemorrhages into the decidua serotina are always followed by abortion, 
etc. 

In internal Haemorrhages the question from which kind of vessels the 
blood flows is usually of little consequence. The color of arterial blood is 
bright red, of venous blood dark red; but arterial blood stagnant in the 
body, as well as the blood in asphyxia, in deep chloroform narcosis, soon 
becomes dark red; venous blood becomes bright red in the air, and so the 
color cannot be relied on. Besides, most haemorrhages are not of one pure 
kind of blood, but, since they often proceed from the capillaries of the 
parenchyma, are mixed. The blood coming from the air-passages and lungs 
possesses an alkaline reaction, that from the stomach an acid one. 

Sometimes the cavity into which the haemorrhage occurs becomes dis- 
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tended, to a greater or less extent, by the accumulation of blood, as most 
frequently happens in the uterus, stomach, and bladder. 

Disorders of function may arise from obstructions of canals; anuria 
from obstruction of the urethra; dyspnoea from obstruction of the larynx 
and drawing of blood during inspiration into the fine bronchi and alveoli of 
the lung, etc. Those haemorrhages more rarely remain latent, in which the 
blood accumulates in quantities in the cavities above mentioned (stomach, 
uterus). Small effusions of blood are then altogether latent; the large are 
recognizable only from their consequent disorders of function (nausea, vom¬ 
iting, etc.). 

Like external haemorrhages, the internal ones, the blood of which flows 
to the exterior, are of interest only with respect to the quantity of blood 
lost. 

Haemorrhages into parenchymata are altogether more dangerous than 
those upon free surfaces, because in the former the blood prevented 
from flowing away exerts its influence by pressure, etc. ; haemorrhages into 
the parenchyma, which cannot extend, or only to a slightly, as in the brain 
and spinal cord, are more dangerous and have more symptoms than those 
into organs where extension is possible, as into the lungs, liver, and spleen. 
Haemorrhages into the brain and spinal cord give rise to symptoms which 
differ with the site of the haemorrhage (walls of the lateral ventricles, cen¬ 
tre of the pons, cortical substance, etc.) ; therefrom frequently result par¬ 
alyses of muscles, paralyses of sensation, etc. 

The degree of danger to the whole organism is in great part dependent 
upon the quantity of blood poured out, which is sometimes very small, 
sometimes reaches many pounds, and upon the time in which the single or 
repeated haemorrhages takes place. Hannon hage is followed by a sudden 
or very quick death (rupture of the heart, of large aneurisms, etc.) in 
adults when as much as five pounds of blood, in the new-born when a few 
ounces have been lost. Or, paleness of the skin and visible mucous mem¬ 
branes, pointing of the nose, weakness, feeble voice, small soft pulse, nausea, 
cold sweat, dusky complexion, vertigo, shaking or convulsions, fainting, 
are the immediate symptoms which, within a few hours, are followed by 
death (external haemorrhages, haemorrhages in the puerperal state, gastric 
and intestinal haemorrhages, etc.), or in comparatively rare cases by recov¬ 
ery. Fainting appears in adults when the loss of blood occurs suddenly or 
quickly, and to the amount of about one pound. Long continuing, or fre¬ 
quently returning small haemorrhages, besides causing the last-named symp¬ 
toms, especially fainting, give rise to hydraemia and dropsy (bleeding from 
the nose, from the female genitals, urinary bladder, rectum, etc., especially 
in cancer of these parts; haemorrhages into various tissues in scorbutus, 
etc.; intestinal haemorrhages from the anchylostamum duodenale). Inter¬ 
nal haemorrhages of considerable amount are usually to be diagnosed from 
the symptoms mentioned. ( vide General Anaemia.) 

A favorable INFLUENCE is often exercised on existing orgasm by 
small or moderately large local haemorrhages : thus bleeding at the nose, in 
hvperaemia of the head, besides in many febrile diseases ; or in congestions : 
thus the haemorrhoidal bleedings. In general, also, the effect of vicarious 
haemorrhages is usually favorable, e.g., from the nose, from an ulcer on the 
foot in delayed menstruation. 

The diagnosis of HEMORRHAGE is in most cases, when the blood does not appear 
to view, as, e.g. , in hasmorrhagic infarctions of the lungs, very difficult to establish, 
or it is impossible, except when a very large extravasation occurs in a very short 
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time. The quickness of the appearance of the symptoms, the preceding and present 
morbid conditions of other organs (heart, vessels), the influence upon the general 
state (anaemia, etc.), must enter into the formation of the diagnosis. 

The diagnosis OF external HAEMORRHAGE is frequently not to be made with 
safety without the assistance of microscopical or chemical methods of examination, 
especially since the blood is often mixed with other substances, and since, besides, 
the sick are affected by illusions, or practice intended simulation. 

If the substance for examination be fluid, preferably a part from the territory of 
the vessel involved, it should be subjected to microscopical examination. If it be 
dry or fixed (blood stains), it should be brought in contact with one or two drops of 
water for a quarter to a half hour. Then red and colorless blood-globules and coagu¬ 
lated fibrin are to be sought for. The red corpuscles do not, for the most part, long 
retain their condition in liquids not alkaline. In the dried state they are easily lost 
in soaking the blood spots, but again appear in concentrated alkaline solutions. To 
look for colorless blood-corpuscles and fibrinous coagula in the examination of the 
liquids in question, is mostly of no moment, but in blood-stains it is of the highest 
value. * 

Only when microscopical examination does not or not clearly demonstrate blood- 
corpuscles, are chemical processes to be resorted to. If the mass in question 
contains an abundance of fat, the latter is separated by alcohol or ether. Then the 
mass is heated, whereby the albuminous substances, almost always at the same time 
present, are coagulated, and at the same time separated with the hosmatin. The 
dried residue is treated with alcohol containing a few drops of sulphuric or muriatic 
acid. If hsematin be present, the solution will be reddish, and after evaporation 
will leave behind a brownish mass. This is soluble in caustic potassa and carbonate 
of potash, soda and ammonia; insoluble in weak acids, and after incineration fur¬ 
nishes a brownish-yellow ash, rich in iron. Or, a small part of the substance should 
be boiled from oue-half to one minute, with three to ten times its quantity of acetic 
acid, and enough common salt to cover the point of a small knife. At first the liquid 
is colored a dark gray, and appears muddy; but soon it becomes clear, and lets fall a 
very small quantity of insoluble substance (htemin). This under the microscope 
appears as dark-brown or black rhombic tables (idemin crystals), which are not 
affected, or very little, by the different reagents. 

Whether the blood is human, or belongs to other mammals, cannot be determined. 
When red blood-corpuscles of oval form are found, as, e.g. y in many simulated cases 
of bloody expectoration and vomiting, they are known as belonging to the blood of 
birds, or amphibia. 


APPENDIX. 

LYMPHORRHAGIA. 

Lymphorriiagia is a term used to express the flow of lymph out of its 
natural channels, the lymphatic vessels, on account of wounds or diseases of 
those vessels. The extravasated lymph flows either into the surrounding 
tissues, or upon a free surface. The latter occurs either outward (lymph- 
fistula) or into internal canals. In this manner is formed chylous urine, 
which results from an effusion of lymph into the urinary tracts. 

The farther consideration of this subject belongs to special pathology. With respect 
to chylous urine, consult especially GUBLER and Carter. In a case observed by 
myself there was. from time to time, besides chylous urine, an evacuation of coagula 
as long and as thick as the finger, consisting exclusively of fibrin and colorless cor¬ 
puscles. 


5. DROPSY. 

(CEDEMA AND ANASARCA.) 

Lower, Tract, dc corde , 1669. —Willis, Opera omnia , 1681.— Hales. Statik des 
Gebliits, 1748.— Bouillaud, Journ. dephysiol., 1823, III., p. 89.— Bright, Rep. on 


Med. Cases , 1827; Guy's TTosj 1 . Ifrp., 183G. — Magendie, Lec r stir les phenom. phys. 
de la vie, 1837.— Hende, Hufel. Journ., 1840; Ztschr. f. rat. Med., 1844, I.; Jlrtb. 
d. rat. Path., II. — V irciiow, Virch. Arch., 1847, I., p. 572; Handb. d. spec. Path, 
u. Ther 1854, I., pp. 4(5 et 182.— C. Sciimidt, Ann. d Chemie , 1848, LXVI., p. 
342 ; Characteristic d. epid. Cholera, 1850, p. 140. — Bernard, Compt. rend, de la 
soc. debiol., 1849, I. — Abridge, Traite das hydropsies et des cystes, 1852. — Becque- 
red et Rodier, Gaz. inert., 1852. — Miadhe, Union mid., 1852. — Hoppe, Virch. 
Arch., 185(5, IX., p 245, XVI., p. 391. — A. Sciimidt, Arch. f. Anat., Phys., etc., 
18(51, pp. 545 et (575 ; 18(52, pp. 428 et 533. — Tomsa. Sitzber. d. Wien. Acad., 18(52, 
p. 185.— Ludwig, Oesterr. Jahrb ., 18(53, p. 35.—0. Weber, lldb. d. Chir., 18(55, I., 
p. 192. 


Dropsy is the morbid accumulation of a fluid more or less like the blood- 
serum and lymph in the parenchyma of the tissues and organs, or in closed 
serous cavities. It is dependent chiefly on disorders of the circulation. 

If dropsy affect the parenchyma, it is called; oedema (cedematous or 
dropsical infiltration), anasarca or hyposarca, aqua interims. If it affect 
closed cavities: dropsy, free dropsy, hydropsy, dropsy of cavities, and re¬ 
ceives special names from the cavities affected: liydro-peritoneum, ascites 
simply, abdominal dropsy; hydro-thorax, dropsy of the thoracic cavity; 
hydro-pericardium, dropsy of the pericardium; hydrocephalus externus 
and h. internus, h. centralis , hydrops ventriculorum , external and internal 
dropsy of the head; hydrocele, dropsy of the scrotum; hydrarthrosis, 
dropsy of the joints; hydroplithalmus, dropsy of the eye. 


Contrary to the usual custom of speaking, liquid effusion into the cavities of the 
alveoli of the lungs is traditionally termed pulmonary oedema. (Edema of the glot¬ 
tis, so-called, is more rarely an cedematous, more frequently a sero-purulent infiltra¬ 
tion ; it does not affect the glottis, but the folds of mucous membrane at the entrance 
to the larynx. 


Dropsy is either local (dropsy of any cavity, oedema of an extremity), 
or it affects more or less the whole body (general dropsy). 

(Edema * consists in a pathological accumulation of quantitatively and 
qualitatively changed lymph in the lymphatic radicles, also in other spaces 
within the tissues and within many cellular and fibrous elements. This is 
proven by experiment, as well as in part by pathologico-anatomical exami¬ 
nations, and in most cases by the aetiology. 

Experiment demonstrates that transitions occur between the usual con¬ 
dition of tissues and oedema. Also that in animals by constricting the lips, 
etc., oedema can be produced and the liquid be removed by the lymphatics. 


The existence of spaces between tissue-elements filled with a varying quantity of 
liquid, furnishes the ground of explanation not merely of the so-called tonus of tis¬ 
sues free from muscles, but also of the slight, scarcely recognizable degrees of oede¬ 
ma : puffiness of the face after night-watching, etc. 

In the living animal oedema passes away by the lymphatics. If a ligature be 
applied to the upper lip of a dog, the lip will become very cedematous ; if the liga¬ 
ture be removed the lymph will flow very abundantly from the opened cervical 
vessels, while the oedema visibly disappears. If the lip be pressed between the fin- 


* The three terms dropsy, anasarca, and oedema are used in French, English, and 
American books in a somewhat simpler and more definite manner than in the text. 
Dropsy is the generic term; anasarca is a generalized dropsy; oedema a local 
dropsy.—[E l>.] 
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gers, the cT.sappearance of the oedema and the lymph-current will be simultaneously 
accelerated. 

Consult the experiments relative to this subject by Ludwig and his pupils. 

The unequal disposition of different parts to oedema depends partly on the dif¬ 
ference in circumstances which affect the passage of the lymph from out of the 
radicles into the main branches. This latter is dependent upon the elasticity of the 
W'alls of the lymph-spaces, their muscular character and the degree of filling of the 
cells and glands bordering upon them ; and too upon the resistances which the lymph 
meets with, thus upon the dimensions of the apertures, the height of the column of 
lymph, and the glands to be traversed. The skin of the face is acted upon by 
muscles, and from it the lymph flows downward; the skin of the lower extremities 
is provided with few muscles, and the lymph must flow upward and through many 
glands. (Ludwig. ) 

Patiiologico-anatomical investigations likewise prove the above- 
mentioned connection between oedema and the arrest of the lymph-flow. 
(Edematous infiltration affects preferably the connective tissue, earliest 
and most strongly the areolar tissue (between vessels, muscles, intestines), 
the subcutaneous connective tissue, the submucous tissue, especially that of 
the ankles, eyelids, male genitals, under certain circumstances also that of 
the uvula, of the aryteno-epiglottic ligaments, etc. ; later it affects the firm 
connective tissue and parts consisting of it, e.g., the piamater of the brain 
and spinal cord, and mucous membranes; farther on, smooth and striated 
muscles, nerve-tissue, especially the brain, glandular organs, as the lym¬ 
phatic glands, liver, kidneys. (Edema does not occur in firm, inextensible 
parts (compact substance of bone, cartilage, tendons). 

Concerning the amount of water in the braiu in typhoid fever, see Buiil, Z . f . 
rat. Med ., 1858, IV., p. 304. 


Microscopical examination of oedematous parts wholly or chiefly con¬ 
sisting of connective tissue shows the connective tissue fibres separated from 
one another to a greater or less extent by a liquid sometimes very poor, 
sometimes very rich in lymph-corpuscles, clear, or giving with alcohol a 
molecular coagulation. The fixed connective tissue corpuscles are often 
large, oval or flattened. The appearances rarely lead to the inference of an 
undoubted filling of the lymphatic capillaries. For the most part only the 
adventitia of the vessels are much distended and separated from the vessels 
to which they belong, especially in the mucous membranes, and in the brain. 
Hence the connective-tissue fibres are frequently somewhat clouded. The 
histological relations of the remaining oedematous tissues, especially of those 
consisting of cells, are not yet sufficiently known. Epithelia resist for a 
long time the distention of their bases, until they for the most part undergo 
atrophy, rarely becoming oedematous. A similar simple atrophy is exhibited 
in the gland-cells of the liver and kidneys. In the fat-cells the fat becomes 
more and more scarce, until finally the cell-membrane contains only the 
nucleus and serum. 

W. Young ( Wien. Sitzgsber ., 1868. May) examined the oedematous skin of the 
scrotum, finger, knee, the lymphatics of which he had injected with Prussian blue. 
By this the lymphatics in the corium were fouud to consist in many layers of a thick 
net-work, and in the upper layeis of the corium limited by epithelial cells alone, in 
the lower layers by these and an clastic network. In the upper layers of the corium 
they are accompanied here and there by one, in the lower layers by two bloodvessels. 
Bloodvessels ensheathed within lymphatics have not been observed by the author. 
(Edematous fluid is fouud chiefly in spaces through which pass connective-tissue 
bundles, isolated connective-tissue cells and fibres, aud which are limited not by a 
special membrane, but by one formed nearly of epithelium. In these spaces the free, 
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round, oval or somewhat spindle-shaped cells (migrating or exudation cells) are found 
ihost abundantly near the bloodvessels. 

According to Ranvier ( Compt. rend., 10 July, 1871) the bundles of cedematous 
connective tissue are after 15-20 hours separated from one another by a clear serum ; 
in this float numerous white blood-corpuscles with amoeboid movements. The fixed 
connective-tissue cells, which in the normal state are flat, hyaline, large and stretched 
on the surface of the connective tissue bundles, are spherical and filled with strongly 
refractive granules. The fat-cells around their characteristic fat-drops show similar 
strongly refractive granules, resembling a string of pearls. The capillaries, like the 
small veins and arteries, are distended by blood, their inner surface covered with 
numerous white corpuscles. The grannies of the fixed connective tissue cells, like 
those of the fat-calls, are round; they refract the light more strongly than albumi¬ 
nous, less than fatty granules. With acetic acid, etc., they become smaller, more 
strongly refractive, and resemble finely-divided fat. 

Dropsy of serous cavities is likewise a pathological collection of quan¬ 
titatively and qualitatively changed liquid. In most of these cavities their 
communication with the lymphatic net-work, and the taking up of fluid and 
solid substances into the latter, has been experimentally demonstrated. (See 
p. 150.) 

Consult particularly Recklinghausen, Dybkowsky, Ludwig, and Sciiweigger- 
Seidel ( Ber. d. S. Acad., 1866). 


The serous membranes in dropsy, when no complication (inflammation, 
etc.) exists, are pale, anaemic, cloudy, thinned, or somewhat thickened, less 
elastic. Their endothelia are more easily separated, often increased in size, 
of less regular form, of a finely granular appearance. The lymphatics are 
not infrequently clearly dilated. The tissue of the serous membranes some¬ 
times exhibits fatty metamorphosis of its cellular elements, otherwise 
nothing abnormal. The muscular tissue surrounding them is pale ; after a 
longer duration, it becomes affected by simple atrophy, or by fatty degen¬ 
eration. 

The changes in the brain-substance about the ventricles in acute hydrocephalus are 
for the most part not effects of the dropsy, but concomitant effects of the inflamma¬ 
tion. In chronic hydrocephalus, externally (oedema of the pia-mater) as well as 
internally, a diminution is observed in the size of the brain-mass to so great an extent 
that it becomes reduced to the thinness of paper. It is thereby not infrequently 
rendered firmer. Sometimes, however, softening of the surrounding brain-substance 
occurs, which perhaps is cadaverous in nature. 

Very similar to dropsy, but to be distinguished from it, are: 1. false dropsies or 
cysts, which result from closure of the excretory ducts of certain glandular organs, 
mucous membranes, or diverticula of normal mucous membranes, and which, after a 
longer time, contain ouly a serous or sero-mucous liquid with or without traces of the 
former normal contents ; renal dropsy or hydronephrosis; dropsy of the gall-bladder, 
Fallopian tubes, uterus, vermiform process, lachrymal sac; the cysts arising from 
closure of the excretory ducts of mucous glands. 2. watery secretions on free 
surfaces, especially of mucous membranes, e.g ., of the intestinal canal in many 
catarrhs of that tube, in cholera, etc., as well as of many glands (e.g. of the salivary 
glands in salivation). In not a few cases, during life as well as after death, it is im¬ 
possible to say whether the secretion, e.g. of a parenchyma or serous cavity, is a 
transudation (dropsical liquid), or exudation (see inflammation). No sharply- 
defined line separates THESE two. The liquid of blister-vesicles, e.g ., is 
sometimes analogous only to blood-serum, i.e. relatively rich in salts, moderately 
albuminous, but very poor in fibrinogenous substance; some time, on the other hand, 
it is very rich in albumen and proportionately so in fibrin. The tendency of the 
liquid to coagulate increases if the same part be subjected to a quick succession of 
blisterings; for the repeated irritation is accompanied by more extended circulatory 
disturbances than a single irritation. (0. Weber.) 
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The LIQUID ill DROPSY, (EDEMATOUS or DROPSICAL TRANSUDATION, is Color- 
less or light yellow, clear and transparent, of insipid or slightly saltish 
taste, with an alkaline, very rarely with an acid reaction, and with a specific 
gravity slightly higher than that of blood-serum. 

Its chemical constituents are : 

Water, about 95 $; thus in greater quantity here than in blood-serum 
(which contains about 91$ of water), less in older liquids. 

Albumen: next to water in importance in most dropsical liquids; in 
very small quantity in the dropsical liquids of the brain and spinal cord. 
Its quantity stands generally in inverse proportion with its salts, in almost 
direct ratio with its contained fibrinogenous substance. In greater quan¬ 
tity it is the cause of the viscidity or frothiness of the liquid. 

C. Schmidt in a case of Bright’s disease found 2.85# of albumen in the liquid of 
the pleura, 1.13# of it in that of the peritoneum, 0.G-0.8# in that of the cerebral 
meninges, 0.3G# in that of the subcutaneous cellular tissue. If also these quantities 
vary in different cases, the proportion of the albuminous contents of the transudates 
in different localities in the same individual always remains the same (Hoppe. 1. c. 
IX., p. 241 et 258). Besides, Hoppe ( Deutsche Klinik, 1853, p. 44; Virch. Arch., 
XVI., p. 391) found for the most part, the transudates in quickly repeated punctures 
less albuminous; more rarely ( Virch. Arch. , IX., p. 240) was the albumen more 
abundant in the second puncture, if the quantity of the transudate and the pressure 
had increased. Hoppe found in oedema of the feet, free from blood-corpuscles, only 
1.7# solid ingredients and only 0.3# of albumen. 

The quantity of albumen is dependent: 1. Upon the capillary system, by means 
of which transudation takes place (C. Schmidt) ; 2. Upon the quickness of the 

blood-circulation, so that the transudate is rich in albumen in direct ratio with the 
slowness of the blood circulation in the capillaries (Lehmann) : if the circulation in 
the abdominal veins be considerably retarded by large tumors, the pressure increases 
and albumen in larger quantities will be found in the transudate, than when mechan¬ 
ical hindrances of less importance, as e.g. affections of the liver with contraction of 
the parenchyma, etc., are the occasion of a slower venous circulation (less elevation 
of pressure); in acute hydrocephalus the quantity of albumen is greater than in the 
chronic form ; 3. Upon the character of the blood ; the poorer the blood is in albu¬ 
men, as e g. in Bright’s disease, so much the less is found also in the transudate; 
4. Upon the duration of the dropsy, since in long duration, and from the time in 
which the pressure of the transudate and that of the blood become equalised, salts 
and water return into the blood, whilst the albumen, which can penetrate through 
membrane only under positive pressure, remains behind and becomes relatively in¬ 
creased. (Hoppe. ) 

The mucous consistence, which the liquid of ovarian dropsy often shows, is not 
dependent upon the presence of mucin, but upon that of peculiar albuminous bodies 
(metalbumen and paralbumen of Scherer). 

Fibrin, as such, i.e. as a combination of fibrinoplastic with fibrinogenic 
substance, flocculent in form, or as a uniform gelatinous substance, seldom 
occurs in dropsical liquids. Sometimes it is secreted only after long stand¬ 
ing. But all transudates contain, for the most part proportional to the 
albuminous contents, therefore in very small quantity, fibrinogenic sub¬ 
stance. Fibrinogen is most abundant in the liquid of the pericardium, and 
of hydrocele. It is not secreted in solid form, because the fibrinoplastic 
substance is not simultaneously present in the transudate. The latter may, 
by the addition of blood, almost instantly be coagulated. 

ScnMiDT has examined in all 93 transudates -with respect to their fibriuosity: 12 
liquids from hydroceles, 42 from the pericardium, 15 from the pleura, 1G from the 
peritoneum, 1 from the cerebral cavities, 1 from the cellular tissue of a new-born 
child, 3 from blisters. 1 from a hygromatous cyst, 1 from a vesicle by cold, 1 as 
synovia from an inflamed knee-joint. In 81 of these cases coagulation occurred 
through contact with blood. In 11 cases coagulation could no longer be produced. 
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Here, however, exhaustive haemorrhages within the body had previously occurred (in 
the living body, or in the dead body, so that the serum had escaped through the dead 
vascular walls), or in its escape during life or during the autopsy the blood had in¬ 
duced coagulation. The greater number of exceptional eases in no way concern 
liquids poor in fibrin or albumen : these, on the contrary, were concentrated, but came 
from organs which before death had suffered from inflammation. Very frequently, 
liquids coagulate spontaneously after their escape from the dead body, usually after 
their secretion from the body had taken place ; they do not appear before 1-1 £ hours, 
often not until after 8-10 days. 

In the fluids of the dead body coagulation never fails, at least to the extent of 
slight cloudiness, while from the living often perfectly clear fibrinous liquids are 
taken, which, until putrefaction begins, remain free from all spontaneous coagula¬ 
tion. It must therefore be assumed, that in the dead body coagulation takes place 
because of the slight transudation of fibrinoplastic substance through the dead vas¬ 
cular walls. Coagulation within the body is effected by the blood-serum, which 
trickles through the vascular walls, in lymphatic dropsies (.Virchow) through access 
of blood during operations or already accomplished in the body. 

Punctures, quickly made in succession, of dropsical serous cavities are generally 
followed by an increase not only of the albuminous, but also of the fibrinous contents 
of the transudate (see p. 227). 

According to Naunyn {Dorp. vied. Ztschr., 1870, I., p. 174), the transudates in 
ovarian cysts, in amyloid degeneration, also those of the peritoneum, are frequently 
perfectly clear, or only slightly opalescent and not viscous, of very low specific grav¬ 
ity, coagulate either spontaneously or after contact with fibrinoplastic substance, and, 
when boiled after acidification, do or do not let fall albumen, and reduce alkaline 
solutions of copper. 

Heni.e (Hdb. d.Ajiat., 1871, III. B., p. 312) characterizes the subarachnoidal 
connective-tissue bands and meshes as a physiologically dropsical connective tissue. 
The cerebro-spinal fluid approaches chemically most nearly the liquid of oedematous 
connective tissue: it contains, in contrast with the liquids of the serous cavities 
(pleura and peritoneum) few solid ingredients, namely little albumen and no fibrin¬ 
ogen. 

Extractive matters, in varying, for the most part proportionately 
large quantity, proportionate to the age of the dropsical fluids, sometimes 
amounting to 4-8.of the albumen. There are present coloring matters of 
unknown nature, which are the cause of the different coloring of the liquid; 
sometimes the coloring matter of the blood and bile. 

Fats, in small quantity in recent, in greater quantity in old dropsies; 
almost constant in small quantities, often in very large quantities in dropsy 
of the scrotum. 

Urea, uniformly present, in large quantity in Bright’s disease. 

Lactic acid (in puerperal fever), and uric acid are not infrequently to 
be recognized. 

Xanthin, creatin, and creatinin are occasionally present. 

Biliary salts, as well as the coloring matter of bile, in dropsy through 
diseases of the liver, and diseases with icterus. 

Sugar, constant in diabetes mellitus, otherwise rare. 

Soluble salts, especially chloride of sodium, besides carbonates, phos¬ 
phates, sulphates, mostly of soda, in less quantity, of potassa, lime, and 
magnesia, are always found in almost the same proportion as in blood- 
serum, in quantity proportionate to the water of the blood, and to the rich¬ 
ness of the transudate in albumen. 

In Bright’s disease, the quantity of salts in the transudate may outweigh that of 
the organic material. In hydrocephalus, phosphates and compounds of potassium 
prevail. (C. Sciuiidt.) 

Ammonia occurs in transudations, as in the liquids of the body, at the 
most in extremely small quantity. 
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Gases, carbonic acid, oxygen, and nitrogen, in small quantity. 


Normal lymph consists of a colorless plasma and lympli-corpuscles, as well as 
for the most part of fine oil-globules. Plasma contains fibrinogen and fibrinoplastic 
substance (the latter in less quantity than the blood), as well as, with the exception 
of the coloring matter, the remaining constituents of the blood : water, salts, albu¬ 
minates, protagon, fats, urea, extractive matters, sugar. 

The following table shows the composition op some op TnE transudates, in 
comparison with that of blood-plasma, etc. (O. Weber, 1. c., p. 215): 



Water. 

Solids. 

Albumen. 

Fibrin. 

Salts. 

Blood-plasma . 

... 901,51 

98,49 

81,92 

8,06 

8,51 

Blood-serum. 

... 907,00 

93,40 

77,62 


9.45 

Pus . 

... 871,50 

128,58 

68.60 


10.50 

Secretion of wounds . 

... 939;20 

60,80 

45.00 

traces 

8.90 

Liquid of blisters . 

... 932,98 

70,35 

61,85 

it 

8,39 

“ hydrocele. 

... 940.08 

59,92 

49.88 



Pleural transudate. 

... 945,15 

54,85 

26,74 

0,60 

8,17 

Pericardial “ . 

... 965,11 

34,89 

20,15 


—.- 

Peritoneal “ . 

... 902.67 

37,33 

17,91 


8.11 

Anasarca “ . 

... 930,97 

19,03 

18,37 


8,22 

Cerebro-spinal fluid . 

... 980,36 

13,04 

3,16 


8,35 


The fluid from the hip-joint in a case of arthritis deformans contained 23,2 mucin, 
20,9 albuminous material, 8,8 inorganic matter, 942,7 water (Hoppe-Seyler, Virch. 
Arch., 1872, LV., p. 253). 

The microscopic elements of transudates are very few. The only 
elements which are essential and constant, but in variable quantity, are 
the lymph-corpuscles. By the moi’e recent knowledge of their circulation 
(see p. 152), and of the pathogenesis of dropsy given above, their constant 
occurrence, as well in oedema as in dropsy, is easily explained. Endo¬ 
thelial cells of the affected serous membranes, sometimes crystals of 
cholesterin, etc., are accidentally present. 

Sometimes the dropsical fluid has a TniN milky character, especially in the abdo¬ 
minal cavity ; it proceeds either from a mixture of fat, or from a peculiar combina¬ 
tion of albumen (A. Schmidt's molecular fibrin). Sometimes the character of the 
transudate is that of a thin mucus. 

Causes of dropsy. 

The causes of dropsy in general are always changed conditions of 

CERTAIN ORGANS, Ol’ of the BLOOD, 01’ of BOTH AT THE SAME TIME. The 
affected organs, particularly, are the heart, next the veins and lymphatics, 
the kidneys, the lungs, and the liver. The blood-changes consist in a 
diminution of albumen, and in an increase of water. In many cases of 
dropsy the blood-changes are dependent upon a predisposition, while a 
mechanical circumstance determines the outbreak. The mechanical 
condition consists either in an increased abstraction of fluid from the 
blood, or in an absolute or relative diminution of the resorption of the 
excreted liquids not used in cell-formation. Increased separation of 
liquids depends : either upon an increase of local blood-pressure through 
arterial, especially, however, through venous hyperaunia ; or, upon a dimi¬ 
nution of the tension of the tissues surrounding the capillaries ( e.g ., by 
the cupping-glass, or Junod’s boot); or, upon a relaxation and resulting 
greater porosity of the vascular walls. Diminished resorption is dependent 
upon an increased local blood-pressure, as well as upon the character of the 
liquid. 
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With respect to blood-changes, the dropsical or serous crasis, -which is a conse¬ 
quence of dropsy, must be distinguished from the primary blood-changes which are 
the cause of dropsy. 

Transudation is a FILTRATION of blood-serum through the capillaries, occurring 
under increase of the pressure in the vascular system. All the truly dissolved 
matters of the blood, as salts, fat, urea, pass through in the sai.ee proportions as 
they occur in the blood. The matters not in true solution contained in the blood, 
the albumen and the fibrinogenous substance, as well as the corpuscular elements, 
pass through iu much less quantity. Besides filtration, the laws of diffusion, of the 
interchange of fluids through membrane, enter into consideration. Out of the blood 
salts as albuminates are much sooner diffused into the fluids of the tissues. If the 
surrounding liquid be slightly acid, under similar conditions and in the same time less 
albumen will pass through the membranes, than if that liquid be neutral or alkaline 
(IIeynsius). 

1. MECHANICAL DROPSIES. 

They arise mostly through hindrance to the return current of venous 
blood or of lymph, less often through active hyperamiia. Their starting- 
point is the blood- and lymph-capillaries. The escape of water is in con¬ 
sequence of the elevated pressure, which the increased vascular con¬ 
tents exercise upon the vascular walls. 

Through venous, or mechanical hyperasmia (see p. 183) arise either 
local oedemata, or dropsies of single serous cavities, or general dropsies. 
According to the older view simple disturbances of circulation were suf¬ 
ficient to produce these effects; according to more recent investigations 
there must be present, at the same time, a paralysis of the vaso-motor 
nerves. 


From an experiment by Ludwig and Tomsa, it resulted that after moderate con¬ 
traction of the veins of the plexus pampiniformis more lymph flowed out than while 
the venous stream was unimpeded : the increase amounted in the mean, in three 
animals, to 59 p. ct. of the quantity of lymph which, before or after the ligation, 
flowed from the perfectly free plexus. Were the veins coursing in the plexus entirely 
closed, so that the blood-stream, returning from out of the testicle, was conducted 
into small efferent branches, then the increase in five animals amounted in the mean 
to 3. 7 times that which escaped in the uncontracted blood-stream. Nasse ( 1 . c.) found, 
during periodical compression of the external jugular vein, the lymph-stream in¬ 
creased 10-30 per cent. 

Ranvier (Compt. rend., 1869, LXIX., No. 25) has again experimentally demon¬ 
strated the correctness of the theory founded on Lower’s experiment, concerning 
the origin of oedema : ligation of the inferior vena cava within the thorax is a too 
great operative procedure ; that of the jugular veins gave R. negative results. R. 
found in dogs, whose inferior vena cava he had ligated, that oedema of the lower 
extremities appeared only when the ischiatic n. was at the same time cut. If this 
nerve was cut on one side, oedema appeared only on that side, and already within 1-2 
hours, while the other side remained free : one hour after the section swelling mani¬ 
fested itself about the terulo achiJUs; one hour later the subcutaneous connective 
tissue was slightly infiltrated ; 20 hours afterward the whole limb was cylindrical 
and strongly infiltrated with serum. In a dog, which was not killed, the oedema 
lasted three days, on the fourth it decreased, on the fifth it had disappeared. Sec¬ 
tion of the last lumbar, and of the sacral nerves within the spinal canal, or of the 
spinal cord above the lumbar swelling, was not followed by these results. Hence R. 
concluded that a paralysis of the vaso-motor nerves (those from the sympa¬ 
thetic follow the course of the sciatic) must be added to the venous stasis in 

ORDER TO CAUSE DROPSY. 

Goltz (Arch. f. d. yes. Phys ., 1871, V., p. 53) found that in a frog deprived of its 
brain and spinal cord he did not succeed by transfusion in restoring the circulation, 
because the liquid flowed out of the dilated vascular wall as if through a sieve ; the 
veins were widely dilated and all organs were covered with a free liquid of a blood 
color. Whether this increased transudation is to be explained by the thinner walls 
or by the loss of the direct influence of the nerves, is questionable. 

Local oedema from venous hyperaemia, mostly with dilatation of the veins, is very 
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frequent, and affects particularly the region of the 'inferior cava. It arises after 
contraction of the veins from external pressure (see p. 184 ; in this we have also the 
explanation of the frequent tumors on the head of the new-born), or during the 
formation of cicatrices, from tissue-changes in the venous walls (cancer), from venous 
coagula, etc. The conditions mentioned give rise to oedema, either without the 
assistance of far'her causes, or only after their appearance : maimer of life, unsuit¬ 
able clothing, convalescence, liydraemia, chiefly. Many, especially large and vascular 
tumors, act not only mechanically through pressure, but also by extending the 
course of the blood by the interpolation of a second system of capillaries. 

Dropsies of SEROUS cavities arise less often through passive hyperannia: 
hydrocele through phlebectasis of the affected vessels, ascites through contraction of 
the trunk, or of many branches of the portal vein ; internal hydrocephalus through 
tumors at the base of the brain, which compress the vena magna Galeni, or tbe 
straight sinuses, etc. Dropsy of the hernial sac also has this origin. 

In many of these cases the appearance of dropsy is prevented or delayed by the 
formation of collateral currents. In the greatly obstructed passage of the blood of 
the portal vein through the liver, e.g. , in cirrhosis of the liver, there appears first of 
all a dilatation of the portal vein and of its abdominal roots; afterward a dilatation 
of numerous small vessels, by means of which the portal is connected with the caval 
system, so that the blood of the portal vein, evading the liver, reaches the vena cava. 

Genera c dropsy, from venous hyperannia, is found in many diseases of the 
heart, because of the obstruction to the return of venous blood into the right side of 
the heart. Especially do chronic peri-, myo- and endocarditis here enter into con¬ 
sideration, giving rise to insufficiency and stenosis. Dropsy has a direct origin in 
insufficiency of the tricuspid valve, which prevents the return of the blood from the 
right side of the heart, and consequently the exit of the blood into the great veins 
of the body ; an indirect origin in insufficiency of the mitral valve, which gives rise 
to engorgements in the lesser circulation, and through the pulmonary artery, also in 
the right side of the heart and in the veins. Still more indirect is the effect of affec¬ 
tions of the aortic valves: dropsy appears quite late and probably only through the 
diminished vis a tergo. 

Arterial hyperemia gives rise to the diagnostically important col- 
lateP i al cedema, which is a result of increased lateral pressure in the capil¬ 
lary vessels (see p. 180). The same occurs most often in the neighborhood 
of inflamed parts: e.g., cedema in the vicinity of erysipelas and pseudo¬ 
erysipelas ; cedema of the surface of the trunk and of the extremities, dur¬ 
ing the presence of deep abscesses; cedema of the prepuce in chancres of 
the part; cedema of the face and mouth during suppuration; oedema 
glottidis in catarrh and ulcers of the neighboring parts of the larynx; sub¬ 
cutaneous cedema of half of the thorax during pleural empyema. 

The influence of arterial hyperannia upon the flow of lymph is not so constant as 
that of hyperannia of engorgement. It depends upon the fact that through the 
dilated arteries a larger and quicker blood-current flows into the capillaries. When 
Ludwig, after section of the cervical sympathetic, compared the quantity of lymph 
obtained with that previously separated, the separation in some cases was found uot 
inconsiderably hastened, in others this result was not obtained. Redness of the skin 
and increased lymph-formation often appear together. Swelling of the leg of a 
frog will follow the dipping of its foot into a strong solution of common salt (Notii- 
NAGEL). 


According to Rindfletscii (Lehrb. <1. path. Gewebel ., 1873, p. 583), effusions in 
internal hydrocephalus do not proceed from changes of the ependyma, but from 
strong hyperaemia of the normal or enlarged papilke of the choroid plexus. 

When the return flow of lymph is prevented, as e.g., by thrombosis 
of the lymphatics, by suppurative or carcinomatous infiltration of their 
wall, or of the lymph-glands, dropsies rarely occur : in part because of the 
extensive anastomosis of the lymphatics at their origin, in part because a 
rise in the pressure under which the parenchymatous liquids exist, is fol- 
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lowed by increased resorption through the lymphatics, in part because the 
veins, during an obstruction of the lymph-flow, perform the function of the 
lymphatics. 

According to Meder ( Ztschr. f. rat. Med., I860, X., p. 323), the lymphatics per¬ 
form no act of resorption after ligation of the aorta; but, wherever resorption fol¬ 
lows, it is rendered possible by the bloodvessels, which are given off above the point 
of ligature and extend so far downward that they come in contact with the liquid 
mechanically diffused upward. 

Volkmann (Berl. klin. Wschr ., 1870, No. 30 u. 32) observed in sick persons, who 
on account of traumatic or inflammatory affections were compelled for weeks or 
months to hold a lower extremity immovably in an extended position, frequent 
acute or chronic hydrarthus immediately after the first attempt at motion. 

A local dropsy is quite rarely dependent upon the lymphatics alone. In a num¬ 
ber of cases attributed to this relation, there is found a simultaneous obstruction of 
the venous circulation, or a change in the lymph-glands, as is a priori probable from 
the near relation of the veins and great lymphatics on the flexor side of the extremi¬ 
ties (inguinal region, axillary space, etc.). Other cases are, without safe anatomical 
grounds, referred to contraction or inflammation of the lymphatics: thus elephan¬ 
tiasis, phlegmasia alba dolens, epidemic parotitis, induration of the connective tissue 
in the new-born. On the contrary, the lymphatics, especially the retro-peritoneal 
and inguinal, are in most cases of oedema found remarkably dilated and filled to 
distention with clear liquid : this does not, however, so much demonstrate their 
increased activity, as the opposite (consequences of diminished elasticity and ton¬ 
icity of their own walls, of diminished muscular movement in the extremities, 
respiratory organs, heart). 

Engorgement of the optic papilla, ophthalmologieally and circumstantially, 
also clinically, important, has its origin most frequently in an increased collection of 
fluid in the subvaginal spaces, i.e.. in the spaces opening directly into the arach¬ 
noidal space of the brain between the outer and inner optic sheaths. (Experimental 
and clinical investigations of Graefe, Manz and others. ) 

Only in very rare cases of general dropsy was it dependent upon a closure of the 
thoracic duct. Wrisberg, Sciierb, Fr. Nasse observed it in man, Virchow in a 
new-born calf. Rather, dropsy in narrowing or closure of the thoracic duct not 
infrequently is entirely absent (Virchow, Oppolzer, and others), because still 
other inosculations of the lymphatics with the blood-stream are present. 

Diseases of the serous membranes, especially thickening of them after 
inflammation, tuberculosis, cancer, give rise with comparative rareness to 
dropsy of those membranes, yet oftenest in the tunica vaginalis and in the 
knee-joint. Dropsies of this kind pass by undetermined limits into in¬ 
flammations with serous exudation. 

The explanation of these dropsies becomes easy from our present knowledge 
concerning the structure of serous membranes. And yet detailed investigations are 
still wanting. These dropsies occur either in such a manner that beside the dis¬ 
eased serous membranes the remainder are normal (hydrocele, hydrocephalus 
interims chronicus , peritoneal tuberculosis, peritoneal cancer), or so that the other 
serous cavities contain much less water (most frequent in higher grades of hydro¬ 
pericardium). 

In dropsies arising from disease of the glands, as well of the liver, 
spleen, and kidneys, as of many lymph-glands, there is added to the pure 
mechanical condition of vascular contraction after a longer time the dys- 
crasic—hydramiia. The mechanical force consists in contraction of the 
capillary vessels, small arteries and veins. This is dependent above all 
upon degeneration of the bloodvessels, especially the lardaceous, as well as 
upon hypertrophy and cicatricial contraction of the connective-tissue por¬ 
tion of these glands with simultaneous atrophy of the vessels and glandu¬ 
lar elements (granular liver, granular kidneys). 

Dropsies and oedema ex vacuo occur as oedema of the pia mater of the 
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brain, and dropsy of the cerebral ventricles in general and partial atrophy 
of the brain, as quick re-collection of fluid in a serous cavity, which was 
dropsical, after evacuation of that fluid, as hydropericardium in a diminu¬ 
tion of the size of one or of both lungs. 

2. CACHECTIC DROPSIES. 

These arise in consequence of a cachexia, liydnemia, i.e., of a decrease 
of the albuminous, and increase of the watery contents of the blood. In 
reality, they occur but rarely by themselves, whilst in most cases either 
simultaneously and from like cause a mechanical force is present, or whilst 
the latter arises in consequence of the cachexia and is the special cause of 
the serous secretion. (See Hydnemia.) 

The purest cachectic dropsies are those, which, continuing for a long 
time, originate in conditions connected with insufficient nourishment 
and digestion, or with large haemorrhages, or other losses in other ways of 
albuminous matters. 

Dropsy in consequence of insufficient nourishment (inanition) is very rare. 
Perhaps to this cause are due those cases, which in years of famine appear epi¬ 
demically, e.ff., in 1771 in Eichsfeld (Aran). Virchow observed this dropsy neither 
in the epidemic of Upper Silesia, nor during the famine in Spessart. In the 
bodies of individuals who have died of cancer of the oesophagus or stomach with 
considerable stenosis, for the most part no oedema has been found, at the most very 
little of the ankles, marked only in complications. 

In convalescence, especially after acute diseases of long duration, 
oedema of the lower extremities appears very often, if at the same time the 
nutritive supply is insufficient, or, if during a full supply mechanical forces, 
as sitting and standing, assist (hydrops gravitativus). 

Haemorrhages of all tissues, if they are at once profuse, and still more 
if they often recur in greater or less quantity, are not rarely causes of 
dropsy. 

Long continuing suppuration of the skin and of the bones, mucous 
discharges from the nose, intestine, genitals, suppurations of simple, 
dysenteric, chronically syphilitic, tuberculous and cancerous nature, espe¬ 
cially of the mucous membranes, more rarely in serous membranes (sup¬ 
purative exudations of the pleura, etc.), and in parenchymata, are likewise 
not infrequent causes of dropsy,—frequent, however, with simultaneous fatty 
degeneration of the vessels of the large glands. 

Alruminuria is one of the most frequent causes of dropsy. Its general 
causes are not vet known: it can have its origin either in such changes of 
the membranes between the blood and the urine, that they permit the 
albumen of the blood to pass over into the urine (increased tension in the 
arterial, or engorgement in the venous system); or it has its origin in 
changes in the property of diffusion of the albumen of the blood. Dropsy 
in albuminuria is a consequence of the thinning of the blood-serum, which 
again is dependent partly upon the loss of albumen, partly upon the accu¬ 
mulation of water in the blood. 

Tlie kidneys have a double function: they separate the specific elements of the 
urine from the blood, and they are the regulators of the watery contents of the 
blood. Through disturbance of the first arises uraemia, through that of the second 
dropsy. The latter is met with most regularly and largely in the second stage of 
Blight’s disease, less often, and for the most part in less degree, in granular kidney. 
In the former the quantity of albumen may reach to three percent, and more, which 
daily amounts to twenty grammes and over; in the latter it is very much less. The 
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causes of albuminuria in granular kidney lie in the very high blood-pressure: 
animal membranes, which under a moderate pressure of liquid are impermeable to 
albumen, etc., let small quantities of it pass through under increase of the pressure 
of filtration. In the second stage of Bright’s disease albuminuria is probably de¬ 
pendent upon the inflammatory changes of the uriniferous tubules. (Bartels, in 
Volkmann’s Klin. Vortr ., 1871, No. 23.) 

To the cachectic dropsies belong also those of scorbutus and conditions 
resembling it, which latter are secondary to many chronic and some acute 
diseases; besides those in malarial cachexia; as well as finally those 
after chronic poisoning with arsenic, etc. 

Dropsies from unknown causes are found after taking cold, after the 
quick disappearance of cutaneous eruptions (acute and chronic), after quick 
healing of cutaneous ulcers, in suppression of menstruation. Many of 
these dropsies are of congestive origin. 


In a number of these cases there exist perhaps the causes of dropsy above-men¬ 
tioned, and the latter even from the same causes, e.g ., quick healing of cutaneous 
ulcers, suppression of menstruation, and haemorrhoids (primary dropsy). At other 
times the dropsy is dependent upon the kidneys, whilst the causes of disease, e.g ., 
the contagium of scarlet-fever, acts not only upon the skin and throat, but also upon 
the kidneys. 

Not more certainly known is the pathogenesis of the not infrequently 
acute dropsies, appearing especially in tropical countries (so-called atmos¬ 
pheric dropsy). Probably these also are for the most part of congestive 
origin, and are consequences of direct or reflex nervous influence, perhaps 
sometimes also immediate consequences of arrested cutaneous function. 

According to de Haen almost the whole army of Charles V., in the expedition 
against Tunis, became dropsical through cold drink after long abstinence. During 
the more recent campaigns of the French in Algiers, oedema not infrequently 
appeared suddenly, mostly in the face, neck, fore-arms, hands, legs and feet, which 
in subsequent continuous warmer weather by degrees disappeared of itself. Also in 
the natives of Africa sometimes sudden and very large oedema of the scrotum arises, 
if they are overtaken by the rain during work. 

At other times blood-changes are simultaneously present: in chlorosis acute oedema 
of those parts which are exposed to the air; oedema in scorbutus; oedema in snake¬ 
bite ; oedema in the pregnant also without albuminuria. 

In our own region also, there is observed, in renal diseases already present, an 
influence of the air upon the origin of dropsical swelling: e.g., oedema of the face 
in Bright’s disease, which is exposed to the air at the usual or colder temperature ; 
likewise oedema of the face, of the eye-lids, of the neck and of the upper part of 
the breast in the chlorotic from like causes, with for the most part quick disappear¬ 
ance (CEDEMA FUGAX). 

The causes of the following dropsies are likewise unknown : hydrops spasticus or 
hystericus ; hydrops paralyticus (oedema in the paralyzed half of the body); hydrops 
irritativus , as a consequence of slight irritations of the skin, which at other times 
produce only partial redness and infiltration, in individuals with irritable skin. 

Dropsy of the face was seen by myself in a case of a child four years old after 
two half-grain powders of morphine : it disappeared after about twelve hours. For 
days thereafter it again appeared after the half dose and had an equal duration. 

The causes of the oedema of the face and extremities occurring almost constantly 
in extensive infection with trichinae, lie, according to Colberg, in the destruc¬ 
tion of the capillaries of the muscles in the part affected by the wandering trichina} 
and the tissue surrounding them ; the oedema disappears with the establishment of 
the new capillary net-work. According to Klou ( Oestr. Jahrb., I860, 4. u. 5. H., p. 98), 
oedema in trichinosis is not a consequence of collateral hyperaemia, but dependent 
either upon lymph-thrombosis of the finer vessels, or upon the fact that the trichina} 
make use of the lymph channels for their wandering. Besides also upon the fact 
that the muscular co-operation in the motion of the lymph is destroyed by the 
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trichinous affection of the muscles directly at one time, when in consequence of the 
irritation of the tissues transudation is increased. 

SYMPTOMS OF DROPSY. 

Symptoms of dropsical infiltration. The oedematous parts are en¬ 
larged, paler, more or less translucent, mostly doughy to the touch, rarely 
harder. The skin, or mucous membrane, or serous membrane covering them 
is smooth, without wrinkles, non-vascular, thinned. The proper warmth 
of the parts is, in consequence of the retarded circulation of the skin, 
diminished. The parts pit under pressure by the finger, as well as from 
pressure of other kinds, e.g., by the clothing, folds of bed-clothes, etc., the 
usual level of the surface being slowly regained. 

In general oedema the various parts of the body are oedematous always 
in different degrees. The oedema affects least, in the usual position on the 
back, the head and the upper and anterior halves of the trunk; more 
decidedly, the upper extremities; it is most developed in the lower portion 
of the abdomen, in the genitals, and lower extremities. In local (with the 
exception of the arterial form) as well as in general oedema, the oedematous 
liquid sinks to the lowest parts of the body: in sitting, into the legs; in 
lying, according to the position on the back or side. 

All these symptoms are intensified in proportion to the length of time 
they exist; there appear also disturbances in the nutrition of the parts, as 
decrease of adipose tissue, diminution of the gland-cells, laceration of the 
vessels and even of the skin (false cicatrices of the abdomen and upper 
part of the thigh). 

In oedema, still other disturbances have their origin, which are in part 
general, in part and especially local. The latter are: feelings of tension, of 
weight, which are intense in proportion to the acuteness of the oedema, 
deficient suppleness of the surrounding tissues, and to the strength and sen¬ 
sitiveness of the individual; feeling of weakness in the muscles, especially 
of the extremities, diminished contraction of striped and smooth muscles; 
lessened excretion of the glands of the skin and mucous membranes, in 
consequence of pressure, anaemia, etc., (dryness of the skin and mucous 
membranes); narrowing of the openings on the surface, and of the canals: 
of the mouth, of the opening of the eyelids, of the termination of the 
urethra and vagina, of the throat, entrance to the larynx, glottis. Besides, 
there arise disturbances of nutrition in consequence of compression, imbi¬ 
bition, maceration (in the neighborhood of the cerebral ventricles?). 
Sometimes it leads to watery effusion through the pores of the skin, also 
to laceration of the tissues, especially of the skin of the lower extremities, 
sometimes after previous formation of blisters with consequent trickling 
out of water; rarely with resulting gangrene. 

The symptoms of oedema of the parenchymata (brain, glands), as well as 
those of pulmonary oedema, consist mostly in a very slight increase of their 
size, because this is usually prevented by the surrounding structures 
(cranium, capsule of the liver, etc.), chiefly in diminished or altogether 
suppressed functions. 

The symptoms of free dropsy are: increase in the capacity of the 
cavities in proportion to the yielding of their walls (tunica vaginalis, 
abdomen, joints); a dull or empty percussion sound, at first in the depend¬ 
ent parts, with changes in the tone corresponding with the position of the 
person affected ; fluctuation in cavities whose walls are supple and little 
distended ; succussion of cavities containing at the same time free or con¬ 
fined air; diminished, or absent auscultatory symptoms (lungs, heart) ; 
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sometimes the position of the patient exerts a great influence over the 
greater distinctness cf these symptoms; changes in position of the organs 
in the cavities inclosing or bordering upon them (lungs, intestines, heart, in 
dropsy of their proper cavities) ; dislocations of the diaphragm, liver, and 
spleen, of the pelvic contents, of the abdominal and thoracic walls, of the 
mediastina, pericardium, and heart, of the cranial arch. Finally, compres¬ 
sion of these organs, and the resulting diminished or entirely destroyed 
capacity of expansion: lungs, heart, great abdominal glands, brain, testi¬ 
cles ; or diminished contractility: heart, abdominal, and intercostal mus¬ 
cles ; thence anaemia and even atrophy. 

Besides, the symptoms of free dropsy include those from functional dis¬ 
turbances of the affected organs, caused by their diminished mobility ; by 
changes of place, compression with consecutive anaemia and atrophy. The 
functions of the organs are in general rendered difficult: dyspnoea, diges¬ 
tive troubles, stupefaction, and paralysis, etc., are produced. 

If dropsy appears in foetal life, there arise still greater troubles, e.g., in internal 
hydrocephalus; if it sets in during the first period of foetal life, hemicephalia and 
anencephalia. 

In general dropsy’' there is another series of symptoms, which are 
dependent upon the causes of dropsy or upon its consequences. The excre¬ 
tions are diminished: the skin is dry, inflexible, sometimes scaly; the 
mucous membranes are mostly dry, their secretion tenacious; the urine is 
scarce, dark, muddy, the stools constipated and hard. Not infrequently 
some secretions are, during the whole duration of dropsy, or from time to 
time, very abundant : diarrhoeas, e.g., are met with, even where there is no 
affection of the intestines present; or more abundant clearer urine (in dia¬ 
betes albuminosus) ; or abundant sputa (bronchitis). 

Extravasations, and mixtures of these with accumulations of water, are 
sometimes found, particularly in primary, rarely in secondary blood-changes 
having their origin in dropsy, in oedema as well as in free dropsy. 

The blood-changes in dropsy are very different, according as they are 
primary or secondary. Sometimes there appears in transudates, which are 
especially rich in water and salts, an inspissation of the blood with a pre¬ 
ponderance of solid constituents. 

COURSE AND TERMINATIONS OF DROPSY'. 

When the causes of dropsy persist, the farther transudation of serum 
goes on, until the tension of the cedematous or dropsical parts has become 
as great as the mean tension of the arterial system. 

The dropsical fluid remains the same, where its quantity neither 
diminishes nor increases, in continually changing relation to the blood¬ 
vessels and lymphatics, i.e ., elements are always being taken up into the 
circulation, and these are again abstracted in less, equal, or greater quan¬ 
tity. In this case, not only the circulation is never entirely arrested in 
the parts about the water, but there is also an absence of the graver dis¬ 
turbances of nutrition in the cedematous tissues. In many cases there 
occurs a hypertrophy of the skin, connective tissue, etc., especially in the 
lower extremities ( elephantiasis Arabum). 

According to ViRCnow, the long persistence of the liquid in dropsy of cavities is 
not difficult to conceive, especially if the walls of the cavities are very dense and thick, 
since it, by its pressure upon the walls, must render resorption difficult, and since 
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here often very advanced products of decomposition, e.g., cholestearine, are found in 
great quantities. 

Dropsy is either acute, i.e., it lasts only a few hours, days, or weeks, 
within which it disappears, or ends with death; or it is chronic, with a 
duration of months and years, and, if general, usually lias a fatal termina¬ 
tion. 

In some cases dropsy is intermittent, particularly those forms of it dependent 
upon congestive liyperannia, as well as those which are vicarious: we have seen such a 
dropsy in the knee-joint, which had lasted a year, and which returned every 10 days, 
and after 2 or 3 days again disappeared. Similar cases have been communicated by 
Loewentual and Bruns. 

The division of dropsies into acute and chronic is practically important. Many 
dropsies of slight grade have the shortest duration, like the puffiness of the face 
during severe attacks of coughing, e.g ., in whooping-cough. The division into active 
and passive, into sthenic and asthenic dropsies, is of little practical importance and 
wanting in principle. The earlier distinction between hydrops calidus s. inflamma- 
torius, and h. frigidus s. serosus s. torpidus (to which most dropsies belong) now 
again receives consideration. 

Dropsies end in recovery or in death. 

The termination in recovery, removal of the watery liquid, takes 
place: rarely at once through perforation of tiie walls of the cavity 
exteriorly (in ascites, e.g., through the navel, in spina bifida), or into the 
surrounding connective tissue with consecutive resorption, or through per¬ 
foration of the cedematous skin, and evacuation of the liquid ; sometimes 
through bursting of the skin at many points, and gradual trickling off of 
the liquid ; most frequently, comparatively, through quicker or slower re¬ 
sorption. 

The recovery is either genuine and permanent; or, the dropsy after 
shorter or longer time returns; or, with especially quick resorption of the 
liquid, oedema of internal organs (brain, lungs) appears; or, from unknown 
causes, death ensues. Spontaneous quick decrease of the dropsy is con¬ 
sidered an unfavorable omen, because the water may accumulate in more 
important parts. Usually, however, anasarca appears less sometimes be¬ 
fore death on account of the collapse of the agony, because in the flaccidness 
of the tissues it sinks into the deeper parts. 

While general chronic dropsies have an unfavorable prognosis, there are many local 
ones, e.g., of the lower extremities, either without influence on the health, even for 
many years, or which permit of palliative, rarely of radical help. 

The termination of dropsy in death follows almost uniformly in all 
general chronic dropsies. It is because the dropsy affects one or more 
of the organs essential to life (sudden death in oedema of the brain; 
quick deatli in pulmonary oedema, in oedema of the glottis; slower death, 
in the same conditions, in hydrothorax, hydropericardium). Or, it is 
dependent upon a cachexia, which either has the same cause as the 
dropsy (renal and hepatic diseases, etc.), or is a consequence of the dropsy : 
hydrothorax, ascites, obstructed resorption of the lacteals and roots of the 
portal vein, etc.; erysipelas, suppurative inflammation, and gangrene of 
dropsical parts ; inflammations of internal organs, etc. Or it appears after 
operations, particularly punctures and quick evacuation of the cavities, 
either without demonstrable cause, or in consequence of extensive haemor¬ 
rhage into the cavities, etc. 
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APPENDIX. 

ACCUMULATION OF AIK, OR PNEUMATOSIS. 

Consult Demarquay, Versuch einer med. Pneumat ., transl. from the French by 
Reyher, 18G7. Also the works on pathological anatomy, and on general pathology. 

Pathological accumulations of air occur in cavities and channels which 
contain air normally, as well as in those in which, under normal conditions, 
air is not found. Tissues and organs very rarely contain air, which in the 
normal state are free from it. 

Accumulations of air in different parts of the body have for the most part special 
names : that of the pleura is called pneumothorax, that in the pericardium, pneumo¬ 
pericardium, etc. ; that in the cavity of the stomach and intestines, meteorism or 
tympanites, in that of the uterus, physometra ; that in the vesicles of the lungs, pul¬ 
monary emphysema; that in connective tissue, emphysema or traumatic emphy¬ 
sema ; that in the interstitial or subpleural pulmonary tissue, interstitial or sub- 
pleural emphysema ; that in the blood, pneumathfemia. 

I. Abnormal accumulations of air in localities which normally contain 
air admit of no general consideration. To these belong: increase of gases 
within the stomach and intestinal canal, especially of the large intestines 
(meteorism or tympanites), increase of the quantity of air in the pulmonary 
vesicles, with enlargement of them and atrophy of their partition-walls 
(vesicular pulmonary emphysema). 

II. A ccumulations of air in localities (cavities and parenchymata), which 
in the normal state are without air, have their origin in various 
ways. 

a. The air is from without, or from parts of the organism which 
contain air, and penetrates into the parts affected. It enters either into 
cavities or into parenchymata. 

The entrance of air into cavities occurs : from without into the pleura, 
peritoneum, pericardium, into the vagina, into the uterus in a puerperal 
state, into cysts through accidental or operative wounds; entrance of air 
into the veins, thence into the right cavities of the heart and into the pul¬ 
monary capillaries by wounds and operations, especially in the neck and 
upper extremities; the entrance of air from the air-passages or lungs into 
the pleural cavities in wounds of both; in perforation of emphysematous, 
tuberculous, gangrenous parts of these organs; the entrance of air from the 
stomach and intestinal canal, rarely from the lungs, uterus, etc., into the 
peritoneal cavity. 

In gynecology, garmlitas mlvce, so-called, the penetration of air into the vagina 
and its noisy escape, plays a role. 

Of those cases in which emphysema affects the parenchyma, emphy¬ 
sema of the subcutaneous cellular tissue is worthy of notice. This arises : 
traumatically through the intentional blowing in of air, through penetrat¬ 
ing wounds of the breast, fracture of the ribs, wounds of the laryngo-tracheal 
tube, through compound fractures of the extremities, through fractures in 
the nasal, frontal, maxillaiy and mastoidal regions ; not traumatically : in 
consequence of violent movements, long-continued screaming (in hydro¬ 
phobia, during confinement) ; from escape of gas out of the digestive canal 


240 


PNEUMATOSIS. 


after its adherence to the abdominal walls; through passage of gas from 
out of the larynx, trachea and bronchial tubes after perforation of them 
from various causes; through passage of gas from out of the lungs (tuber¬ 
culosis, emphysema, gangrene, etc.). 

Here also belongs emphysema of the mediastinum and skin, which occurs chiefly 
in children from whooping-cough and laryngeal croup, or, as also in the adult, from 
capillary bronchitis, etc. If many small bronchi are contracted or obstructed, the 
remaining parts of the lungs become so much the more distended, and single alveoli 
are lacerated ; the air then passes first into the interlobular or subpleural connective 
tissue, thence along the bronchi into the mediastinum, and finally into the connec¬ 
tive tissue under the skin of the neck, always at first in the jugular region. Consult 
Laennec, Roger (Arch, gen., 18(52, Aug. to Oct.), Barters (I). Arch.f. I'din. Med., 
II., p. 867). 

The interlobular emphysema of very dry lungs, e.g ., in cholera, is, according to 
Buhl ( Lnngenentz , etc., 1872, p. 5), the atmospheric air in great quantity penetrat¬ 
ing in visible vesicles into the lymphatics. 

The mother-of-pearl appearance of the scales of psoriasis proceeds from the air 
which enters into them during drying (Rindeleiscii). 

Cases of emphysema of the liver are related by Stokes, Louis, Piorry, Henoch, 
Frerichs, Meigs (Med. Child., 1878, No. 8). 

Sciiatz saw a case of fatal embolism by air which passed through the umbilical 
veins into the heart (Mon. Schr.f. Geburtsk, 18(59, XXXIV., p. 112). 

b. In localities air has its origin in decomposition of matter there 
present : in the connective tissue of different parts of the body, especially 
the parts surrounding the urethra, through fetid decomposition or gangrene 
of abscesses, namely of those arising from interruption of continuity; in 
the abdominal walls; in various parts of the body during the existence of 
carbuncles ; in thrombi of the veins, which in rare cases are altogether 
emphysematous; in the interior of serous cavities from decomposition of 
exudates there present; in the cavities of mucous membranes normally 
empty of air (urinary bladder, uterus) from the same causes, or from putre¬ 
fying blood-clots and foetal remains, in the cavities of many cystic tumors. 

Many cases considered in I. likewise belong here: Thus meteorism from long 
continuance of the fasces in the intestine. Klebs (7Mb. d. ‘path. Anat ., 1869, p. 
284) distinguished two kinds of meteorism : the fermentation from increased forma¬ 
tion of intestinal gases, and the mechanical from obstructed evacuation of the same. 
The latter is dependent either upon stenosis of the intestinal tube, or upon paralysis 
of the muscles of the intestines (stenotic and paralytic met.). Decomposition of 
food occasions the formation, within the stomach and intestinal canal, of COj and 
H. Thus, e.g ., 1 atom of sugar=C 0 II, jOo is decomposed into 

( 1 butyric acid C 4 H b O a 
2 at. lactic acid=2(C s H i; 0 3 ) = CcII 12 0 6 •< 2 CO* C 3 0 4 

(4 H H 4 


CcHi^Oe 

Besides, probably many cases of development of air in the blood may thus be 
explained, in which the air is formed almost always only after death (cases by 
Durand-Fardel, Cress, etc.). In many cases attributed to this, the air has proba¬ 
bly entered from without, or from air-containing parts of the organism. Consult the 
recent case by Stoffella (Ztsclir. d. G. d. Wien. Aerzte , 1862, No. 22, 28 et 25). 

c. The air is formed in an unknown manner. Here are referred those 
rare accumulations of air in the cavities of many mucous and serous mem¬ 
branes, those in the bloodvessels in many new-formations, for which none 
of the above-mentioned causes have been discovered. 



INFLAMMATION. 


241 


The form and manner of the development of air in the last-mentioned series is 
still unknown : probably it depends upon a separation, a kind of secretion of the air 
by the bloodvessels. An analogue to this is furnished perhaps in the physiological 
occurrence of air in the cortex and marrow of hair, which in rare cases (Karsch, 
Beigel, Spiess) is so considerable that the hairs burst and break off above the level 
of the skin. Grayness of hair occurs usually through a change in the pigment-for¬ 
mation, less frequently without this through filling of the hair with air. Perhaps 
many cases of meteorism among the hysterical, of very quick appearance and without 
previous swallowing of air, may be explained in this manner. 

Concerning the nature of the air little need be said in a general way. 
Atmospheric air entering from without sometimes undergoes changes simi¬ 
lar to those of inspired air. The air arising from decomposition is like that 
in emphysematous gangrene. The constitution of air formed in an un¬ 
known manner is not yet known. 

Demarqitay and Leconte had already demonstrated, in 1859, that air injected 
into the cellular tissue or into the peritoneum was quickly changed in its constitu¬ 
tion, lost a great part of its oxygen, and took up carbonic acid, the latter not suffi¬ 
ciently to replace the absorbed oxygen, but in return for which the nitrogen was con¬ 
siderably increased. This continues until the gas was absorbed. On the other hand, 
the authors have lately shown ( Compt. rend., 1862, LIV., p. 180) in a man whose 
cellular tissue became emphysematous from a fracture of the ribs, in 100 vols. of 
gas : 


On the 

4th day from injury, 

2.54 CO.,. 

6.35 O., 

and 91.11 N. 

(t 

5th “ “ 

5.08 “ 

4.00 “ 

“ 90.20 “ 

It 

7th “ “ 

0.07 “ 

3.73 “ 

“ 90.20 “ 

tt 

10th “ “ 

11.11 “ 

0.00 “ 

“ 88.89 “ 


The general consequences of accumulations of air are those of a 
foreign body, which in part forces the tissues and cavities of organs asun¬ 
der, in part causes inflammation of them, in part, finally (in the vessels) is 
quickly followed by death. 

According to Olstiausen (Mon.-8chr. f. Geburtsk. , XXIV., p. 350) the entrance 
of air into the puerperal uterus is hurtful, even fatal. 

Quick exhaustion of the air by means of the air-pump is followed by development 
of the gases from the blood, embolism of the pulmonary and cardiac capillaries and 
quick death (Hoppe-Seyler). 

Under certain conditions the air passes back from out of the cavities 
abnormally filled with it into the blood, and with it also injurious sub¬ 
stances, e.g ., sulphuretted hydrogen, from the intestine. 

The diagnosis of emphysema depends in subcutaneous emphysema upon 
the presence of swelling and crepitation, in the accumulation of air in cavi¬ 
ties, upon the clear, for the most part tympanitic percussion-note, and the 
displacement of neighboi-ing oigans, etc. 


II. INFLAMMATION. 

( Tnjiammatio, Pldogosis.) 

Vacca, Be inflamm. morb. nut., cansis, effect, et curat., 1705.—J. Hunter, On the 
Blood, Inflammation, and Gun-Shot Wounds, 1793-1812.— Burns, Dissert, on In¬ 
flammation, 1800.— Rust, Hdkologie, 1811.— Thomson, Ueber Entzund., transl. by 
Krukenberg, 2 Bdc., 1820.— Kaltenbrtinner, Exp. circa stat. sang, et vas. in in¬ 
flamm., 1820.— Gendrin, Hist. anatomuque des inflammations, 1820.— Brktonneau, 
1C 
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Bes inflam, speciales du tissue mugueux, et en particulier de la diphtherite , ou inflam. 
peUieu'aire. connue sous le nom de croup, etc., 1826 .—Kocii, Meckel's Archie, 1882.— 
Gluge, Ohs. nonn. microsc. in inflamm., 1835.—Guterbock, Be pure et grantda- 
tione , 1837.—Rasori, Teoriaddlaflogosi, 2 vols., 1837 .—Vogel, (Jeber Eiter, Eiterung, 
u. s. to., 1838; Art. “ Entzundung und Ausg&nge," R. Wagner’s IlandwdrterbucJi, 
I., p. 311 .—Leiimann u. Messersciimidt, Arch. f. phys. Heilk., 1842, I.—Emmert, 
Beitr. z. Path. u. Therapie, 1842.—H. Muller, in Zeitschrift f. rationel. med., 

1843, III.—Bennett, On Inflammation, etc , 1844 .—Henle, in Zeitsclir. f. rat. med., 

1844, II., p. 34; Ilandb. der rat. Pathol., I. u. II.—Lusciika, Entw. d. Formbest- 
andth. d. eiters u. d. granulationen, 1845.—A. Waller, in Phil. Magazine. 1843, 
XXIX, ,pp. 271 and 398.—KOss, de la eascularite, et deI'inflam., 1843.—Hasse, Zeitschr. 
f. rat. Med., 1843, V.—Bidder, in idem. 1843, IV., p. 353.—Virchow, in Virchow's 
Archie., 1847, I., p. 272; IV., p. 281; XXIII., p. 415; XXIV., p. 205; Anncden des 
Charite, VIII., Hft. 3, p. 1; Ilandb. der spec. Path., p 48 .—Brucke, Sitzungsber. 
der Wiener Akad., 1849; Archie, f. phys. Jleilk., 1850, X., p. 493 .—Paget, Lectures 
on Inflam., 1850.—Wharton Jones, Guy's IIosp. Reports, 1851, VII.—Beck, Un- 
tersuchungen, etc., 1852.—H. Weber, Muller's Archie.. 1852, p. 381 .—Meckel, 
Ann. des Charite, 1853, IV., p. 218 .—Rokitansky, Sitzungsb. der Wiener Akad., 
1854.—Schuler, Wurzb. Verliandl., 1854, IV., p. 248 .—Spiess. Zur Lehre e. d. 
Entzund., 1854.—Boner, Die St use nacli Exper. an der Froschschwinimhaut, 1858.— 
Samuel, Kbnigsb. med. Jahrb., 1858, I.—Gunning, Archie, f. hod. Beitrdge, 1858, 
I., p. 305 .—Snellen, Arch. f. hoU. Beitrdge, 1858, I., p. 208.—O. Weber, Virchow's 
Arch., 1858, XIII., p. 74, XIX., p. 367; Ilandb. der Chirurgie, p. 362 .—Treitz, 
Prayer Vierteljahrschr, 1859, IV.—Coccius, Ueber d. Gewebe u. d. Entz. des menschl. 
Glasskorpers, 1860.—Sciiroeder van der Kolk, Arch. f. hod. Beitrdge, 1860, II., 
p. 81—J. Simon, Art. Inflammation in Holmes' System of Surgery, I., 1860.—BunL, 
Sitzungsb. <1. Bayr. Acad., 1863, p. 59; Zeitschr. f Biologic , 1868, III., p. 341 ; 
Lungenentzundung u. s. w., 1872.—E. Wagner, Arch, der Heilk., 1866, VII.. p. 481; 
VIII., p. 419 .—Billroth, Arch. d. Chir.. 1866. VI., p. 373 .—Coiiniieim, Virchow's 
Arch., 1867, XL., p. 1 .—Heller, Ueb. d. fein. Vorg. bei d. Entzund., 1869.—Strick¬ 
en, Studien aus d. Inst. f. exper. Path., 1870, I. ; Oest. med. Jahrb. Jahrg., 1811 
and 1872. 

Consult also the literature of Repair ; and Billroth, Surgical Pathol. Am. Ed. ; 
Works on Practice of Medicine. 

Inflammation is a process, beginning for the most part with the phe¬ 
nomena of congestive hypersemia, running its course most frequently with 
exudation or suppuration, sometimes healing, sometimes leading to new- 
formations, or to various kinds of metamorphosis, or to destruction of 
tissues, and causing a more or less marked disturbance of the function of 
parts. In certain cases sometimes all these changes are simultaneously 
present, sometimes only the first mentioned are found in a striking manner. 

Inflammation runs its course mostly as an acute, rarely as a chronic 
process. 

Inflammation exhibits many transitions : on the one hand, to many 
circulatory disturbances, especially to congestive liypersemia and acute 
dropsy; on the other hand, to many disorders of nutrition, namely, to 
albumiuous or fatty degeneration, to gangrene, as well as to new-formations, 
especially of connective and osseous tissues, and of vessels. 

The name inflammation, and all terms to express it in other languages, point to 
a process connected with elevation of temperature. But Celsus proposed yet 
three other cardinal properties of inflammation, in all four: calor. rubor, tumor, 
dolor. Still another is added as a fifth symptom, functional disturbance, thus 
designating all the phenomena of many processes as inflammation, especially of those 
running their course in the skin and visible mucous membranes. 

Inflammation affects sometimes only one kind of tissue, especially 
among the simple tissues (connective tissue, serous membranes, periosteum, 
bones, epithelium, etc.), more rarely among tissues crowded together (inter¬ 
stitial, inter-muscular, inter-acinous, inter-lobular, etc., tissues), sometimes 
organs. In the latter relation it attacks sometimes only one tissue of a 
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compound Oigan (e.g., the glands of the mucous membranes, the gland-ducts, 
urinary tubules, acini of the glands, intestinal follicles, ovarian follicles, 
etc.), sometimes compound parts of an organ (lobes or lobules of the lungs), 
sometimes finally the organ in all its parts (e.g., the whole heart, whole 
gland). 

Of organs in pairs inflammation affects sometimes only one of the pair (as in pleu- 
ritis, pneumonia, many forms of nephritis), sometimes both organs or parts of them 
; e.g ., both cerebral hemispheres, both kidneys, both eyes, etc.); sometimes both rela¬ 
tions are found (many pneumonias, inflammations of the parotid glands, etc.). 

Inflammations of various tissues and organs are named mostly by adding to the 
Latin or Greek term, the ending -itis (e.g., encephalitis, pleuritis, nephritis, etc.) ; 
sometimes they receive special names, as pneumonia for inflammation of the lungs; 
erysipelas, etc., for inflammation of the skin, etc. Inflammations of the serous 
coverings of individual organs of the abdominal cavity are called pick I- hepatitis, peri¬ 
metritis, etc. Peri-bronchitis, departing from this rule, is a term applied to inflam¬ 
mation of the outer halves of the bronchial wall. This is true also of peri-phlebitis, 
etc. Inflammations of the surrounding connective tissue, capsule, appendages, e.g. 
of the encasing fat of the kidneys, of the loose adipose and connective tissue of the 
lower and lateral parts of the urinary bladder, and of the uterus, are known as PARA- 
nephritis, para-cystitis, para-metritis. 


The progress of INFLAMMATION takes place either in the continuity or in 
the contiguity of tissues, or upon distant lying organs and tissues. The 
progress of inflammation in the continuity affects sometimes the same tissues, 
sometimes those which are different from those first affected. The best 
known examples of the latter are when inflammation of the skin invades 
the bordering mucous membrane or vice versa, or when that of the bronchi 
invades the lungs (catarrhal, or lobular pneumonia), etc. Progress in the 
contiguity occurs most frequently in parts in contact with the skin, mucous 
membranes, serous membranes. Progress to distant tissues takes place 
either by means of the bloodvessels in a mechanical or chemical manner 
(embolism, pyaemia), or by means of the lymphatics, or in a sympathetic 
manner. 

According to Pfleger’s (Med. Ctrlbl., 1872, No. 16; Arch. f. klin. Chir., XIV., 
p. 582) observations on the manner and laws of the extension of erysipelas migrans , 
those laws established by Langer ( Wien. acad. Sitzgsber. . 1861 u. 1862, XLIV. , p. 19) 
concerning the tendency to fissures and the tension of the cutis appear to come into 
question. 

According to Feixberg ( Berl. klin. WscJir. , 1871. Nos. 41-46), physiological and 
pathological facts show that myelitis can result from lesion of peripheral nerves, and 
that the results obtained in rabbits (laying bare and powerful cauterization of the 
sciatic : consecutive myelitis especially of the gray substance), also in man, tend to 
the same conclusion. 

CAUSES OF INFLAMMATION. 

The disposition to inflammation is a. general one. A series of factors 
and conditions, however, heightens the disposition as well generally as in 
inflammations of special organs. This is especially true of the various ages, 
of sex, as well as of a number of external causes, especially of atmospheric 
influences, soil, and climite (vide General ./Etiology). Besides, influences 
of all kinds, which to healthy parts are harmless, are followed by inflamma¬ 
tion in those whose vaso-motor nerves alone, or at the same time with the 
nerves of sensation and motion, are paralyzed (neurotic inflammations). 
Individuals who are tender, not hardy, badly nourished, scrofulous, rachi¬ 
tic and cachectic, convalescents, drinkers, are more subject to inflammations 
of the bronchi and lungs, etc. In some individuals some organs possess a 
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special predisposition to inflammation, in consequence of hereditary influ¬ 
ence, etc. Repeated inflammation of many organs heightens the disposition 
to like affection of the same organ : e.g ., repeated attacks of catarrh of most 
mucous membranes. Parts of organs are sometimes affected by inflamma¬ 
tion more easily than other parts, from causes' which are partly known, 
jiartly unknown. Inflammation of the lungs affects the upper lobes more 
often than the lower. Inflammation of the endocardium and of the heart 
belong oftener to the left ventricle; the former occurs chiefly in the valves 
and openings, where the greatest tension and friction are. 

The immediate, or exciting causes of inflammation must vary in degree 
with the individual. The most prominent are : wounds, as cuts, stabs, 
bruises—traumatic inflammations; foreign bodies, as dust, splinters, gun¬ 
shot ; many vegetable parasites; worms or other parasites, wandering or 
fixed within the vessels; accumulations of entire secreta in organs, as, e.g., 
the liver, the kidneys, the mammary glands, or of certain elements of them 
{e.g., biliary and renal calculi) ; emboli of every kind (p. 20G), especially 
those acting chemically; substances within serous cavities, and in other 
parts coming from hollow organs through perforations in their walls: the 
contents of the stomach and intestines, urine, especially if of an alkaline re¬ 
action, etc.; gangrenous parts of the body even (limiting inflammation);— 
high degrees of heat and cold, as well as also “ catching cold” (p. 61) ; 
chemical influences, as of acids, alkalies, ethereal oils, cantharides, mus¬ 
tard, tincture of iodine, stings of insects, etc. ; alcohol by habitual use. 

Many of the known exciting causes act upon the deep tissues : the most important 
in this respect is the pneumonia arising from the presence of foreign bodies. 

The influence of the nerves upon the origin of inflammation lias been 
demonstrated with sufficient certainty, in part experimentally, in part by 
clinical and patliologico-anatomical observations. After section of the n. 
trigeminus or of its ophthalmic branch, or only of the internal fibres of the 
latter within the cranial cavity, there arise, soonest to the extent of the 
inflammation, peculiar disturbances of nutrition of the conjunctiva and 
cornea, and, for the most part also, of the surrounding skin. Casual wounds 
or diseases of these nerves, or of the Gasserian ganglion, have been followed 
by the same results. After traumatic, or other inflammations, new-forma- 
tions, etc., of these nerves, or of a spinal ganglion, or of the nerves passing 
through it, there have been observed in many accurately investigated cases 
peculiar inflammations of the skin of the character of herpes, to wit, herpes 
zoster. After like causes, also, repeated disturbances have been observed 
which are not to be clearly ranked with inflammations, but as transitions to 
dropsy, gangrene, atrophy, and hypertrophy. 

The physiological experiments in this connection are those of Magendie, Longet, 
Valentin, Schiff, Bernard, Snellen, Bi ttner, Metssner, and others. 

For cases of inflammation with serous exudation, see: Romberg. Klin. Ergebn., 
18415, p. 4; the Author, Arch. d. 1 lei Ik ., 1870, XI., p. 319. Cases of sero-purulent 
inflammation, especially herpes of the skin, are described by Rater, Danielssen ; 
particularly Bahensfrung, Ann. cl. Char., 1861, IX , 2 H., p. 119; lb.. XI.. 2 H., 
p. 100 ; Geriiardt, Jen. Ztschr ., 1865, II., p. 349; the Author, 1. c., p. 320; Weid- 
nkr. Berl. /din. Wschr ., 1870, No. 7; Wvss, Arch. d. Heilk., XII., p. 261. Also 
cases by de IIaen, Esmarch, Duncan, Vernon, Greenougii. Eulenberg-Lan- 
dois, Eui.enberg, Guttmann, Horner, Hutchinson, and others. 

More recently Brown-Sequard (1861) has again turned attention to the frequency 
of subacute and chronic inflammations of the joints of paralyzed extremities.* 

* For an account of the joint-lesion occurring in paralytics, consult, Charcot, Arch, 
de physiol, norm, it path. 1. p. 161, p. 379; Lemons sur les maladies du syst. nerveux , 
Paris, 1873, p. 105, et seq. B. Ball, Med. Times and Gazette , Loud. 1868-9. S. W. 
Mitchell, Injuries of Nerves. Phil. 1872, p. 168. [Ed.] 
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Sometimes also the influence of the nei-ves in giving rise to inflammation is 
reflex in character. Sciiiff often observed in dogs, whose lingual nerve only, or 
inferior dental nerve, he had cut, after four to eight days’ injection of the conjunctiva 
of the eye of the same side, increased secretion of mucus and a partial gray cloudi¬ 
ness of the cornea, which after about twelve days again disappeared, as if an affection 
of the vaso-motor nerve of the n. ophthalmicus. In like manner must those observa¬ 
tions be explained, where, after wounds and operations on the upper maxilla and 
its nerves, there appeared in the eye of the same side, with normal sensibility, injec¬ 
tion of the conjunctiva, cloudiness of the cornea, softening, ulceration and perforation 
of the centre, with consequent staphyloma and atrophy. (A. Wagner, Arch. f. klin. 
Chir ., 18G9, XL, p. 1.) 

Injurious substances, which have their origin in the same or another 
organism, rnay be carried directly by the blood or by the lymph out of the 
organs as excitants of inflammation : those of the fixed contagions belonging 
to this class are the mucus of gonorrhoea, the syphilitic virus, the pysemic 
poison, the contagium of dysentery, of hospital gangrene, of many conjunc¬ 
tival catarrhs, of glanders; those of the volatile contagions especially to 
be mentioned are, that of influenza (epidemic bronchial, and intestinal ca¬ 
tarrh), the contagium of typhus and typhoid fevers, of scarlatina and small¬ 
pox. In many of these cases lower forms of fungi probably play an impor¬ 
tant role (p. 102). 

PHENOMENA OF INFLAMMATION. 

EXPERIMENTALLY PRODUCED. 

The phenomena of inflammation are to be followed in tissues and organs 
of every kind in the dead body as well as in the external parts (skin, ex¬ 
ternally visible mucous membranes, especially the membranes of the eye) 
during life. But far greater disclosures are made by experiment, anil the 
simultaneous continuous and immediate observation for hours and days of 
inflamed parts under the microscope. 

Corrosive substances (particularly ammonia, nitrate of silver, acids and 
the like), strong irritants (alcohol, tincture of cantharides, mustard, etc.), 
as well as substances with strong diffusive power (salt, chloride of calcium, 
etc.), have been applied experimentally to parts of known structure and 
which are transparent and easily to be observed, as the web of the frog, 
the wing of the bat, the cornea, the tongue and the mesentery of the frog 
and of mammals, etc. Or, without farther preparation the internal organs 
have been subjected to observation, since the access of air is usually a suffi¬ 
ciently strong excitant of inflammation. Like the effects of these substances 
are those of wounds with needles, transfixion by threads, etc., high de¬ 
grees of heat and cold. Thereafter the following is in general to be observed. 
Numerous differences which cannot be explained are caused by the kind of 
materials employed, especially if they act only in a diffusive manner (chlor¬ 
ide of sodium, etc.), or at the time as irritants (spirituous and corrosive 
substances, etc.). 

If a vascular organ, e.g. the mesentery or tongue of the frog, be exam¬ 
ined under the microscope, there is observed, first a uniform dilatation of 
the arteries, which after about two hours reaches its highest point and 
may double the original diameter of the vessels; besides, their length be¬ 
comes considerably increased. Dilatation of the veins follows much more 
slowly, reaching the same degree as in the arteries without an increase 
in their length. The velocity of the current at first constant, is, after a 
few hours, diminished : the individual blood-corpuscles can be distinguished. 
Pulsation is observed in the arteries. The blood-stream in the arteries and 
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veins lias lost its axial character (present under normal conditions): the 
blood tills the whole calibre of the vessels. Now, within the veins the 
peripheral zone of the blood-stream, the original plasma stratum, becomes 
gradually filled with innumerable COLORLESS BLOOD-UORPUSCLEB. At lirst 
single corpuscles, then more and more, come to a standstill, so that after 
a certain time the whole inner surface of the veins appears lined with a 
uniform layer of such corpuscles, while within this layer the red blood¬ 
stream flows uniformly on. Again, after a certain time colorless blood- 
corpuscles are observed to pass out from the interior of the veins through 
the uninjured wall of the vessels : upon the exterior of the veins are 
formed small, colorless, knob-like elevations, which slowly increase in size, 
still connected with the wall of the veins, but finally separate from it and 
wander farther and farther from the veins into the surrounding tissue. 
During this time new colorless corpuscles separate from the blood stream 
to the inner wall of the vein, and then pass through the wall. This process 
is accomplished sometimes within half an hour, sometimes only after many 
hours—the time varying with the vein and with the animal. It is the 

SAME ALSO WITH COLORLESS BLOOD-CORPUSCLES, WHICH HAVE PREVIOUSLY BEEN 

impregnated with aniline blue, cinnabar, etc. Simultaneously with the 
larger vessels, the capillaries also are dilated, for the most part only from 
a sixth to a fourth. In one part of them the blood stream flows on continu¬ 
ously, and with uniform velocity. In another part, it is entirely or par¬ 
tially arrested: the colorless corpuscles show amoeboid movements and, as 
in the veins, pass out in the same manner through the vessel-wall. Be¬ 
sides, red globules also pass outward through the vessel-wall ; they 
squeeze through the wall with greater or less difficulty, and sometimes 
appear on the outside entire, sometimes only in part, while the other part 
is torn away by the blood-current. Thus after a few to 24 hours the capil¬ 
laries are seen to be surrounded by numerous corpuscles, of which the 
greater number are colorless, the fewer colored corpuscles; the latter entire 
or in fragments. 

Dilatation of the large vessels depends upon a paralysis of their muscles: the 
latter may be direct (.influence of the air), or reflex (through sensory nerve fibres). 
The retardation of the blood current is due to the increase in size of the stream. 

The accumulation of colorless blood-corpuscles in tiie zone nearest 
the VESSEL-WALL is in consequence of the diminished velocity of the stream : this 
is greater in the axis of the vessel than in the periphery (Dondkrs and Gunning); 
the colorless corpuscles are moved along not merely in the direction of the stream, 
but also are revolved about their axis, and through both circumstances they come to 
the periphery (Coiinheim). According to others, it is the glutinosity o£ the colorless 
corpuscles, by virtue of which they, once brought in contact with the vessel-wall or 
with one another, immediately adhere, and this adhesion is in direct ratio with the 
slowness of the stream: the cause of the glutinosity lies in the fine processes, which 
the cells invariably have also during their onward flow. (Hkring, Wien. Acad.-Ber ., 
1868, LVII., p. 170.) 

The force under which the blood-corpuscles pass out of the vessels, is 
different for each kind. The colorless blood-corpuscles should, so long as they con¬ 
tinue within the uninterrupted current, always preserve the spherical form ; as soon, 
on the other hand, as they become quiet, amoeboid movements appear in them, they 
push out their processes against those parts of the vessel-wall where they meet with 
the least or no resistance, i.e. , toward the stomata and open spaces of the connective 
tissue. While the colorless blood-corpuscles thus actively pass out of the vessels, the 
chief force in the passage outward of the red corpuscles is the increased blood-pres¬ 
sure (Coiinheim). According to Hering, the exit of the colorless corpuscles through 
the uninjured vessel-wall is chiefly a consequence of the blood-pressure and current 
velocity. H. regards the exit as a simple filtration of colloid substances: he found 
that colore I glue, even under comparatively low pressure, if it only lasted long 
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enough, filtered through the vessel-wall.—Also Schklarewsky (A rc7t. f d. ges. 
Phys., 1868, I., pp. 608 et 657) conceives the wandering outward of the blood-cor¬ 
puscles to be purely physical. (See also p. 152.) 

Concerning the way BY which the blood-corpuscles pass out of the vessels, see 
page 152-3. 


The blood-corpuscles which have wandered out of the vessels remain only 
a short time in the immediate neighborhood of the vessels, but continue to 
move farther away from them, and are replaced by more recently migrated 
corpuscles. After a few hours the mesentery is filled with them in varying 
quantity. The red corpuscles remain in the immediate neighborhood of the 
capillaries, unless they are removed from them by increased transudation 
or by other forces. Besides, there can be seen the basement membrane of 
the mesentery, or of the mucous membrane of the tongue, the nuclei of the 
epithelia, and the connective tissue corpuscles in the same places, with the 
same form and with the same distinctness, as far as they are not concealed 
by the migrated blood-corpuscles. The wandering corpuscles remain in 
part within the tissues of the mesentery or of the tongue, in part they 
come TO their surface : the latter, either directly, or after they had first 
traveled a greater or less distance. Simultaneously, there exudes from 
the vessels an abundant plasma, which soon coagulates and thereby in¬ 
closes the migrated corpuscles. 

The phenomena are the same also when an irritating substance has been 
introduced into the peritoneal cavity of the frog, and from time to time the 
intestine is drawn out and examined microscopically. These observa¬ 
tions have been corroborated also in warm-blooded animals. Most probably 
the process in most other organs differs only in that the greater number of 
the white blood-corpuscles come from out of the capillaides (and not, as in 
the mesentery which is poor in capillaries, from out of the veins), and then 
for the most part also large numbers of red corpuscles pass out of the ves¬ 
sels. 

Against the view, that in large suppurations the whole mass of pus-corpuscles can¬ 
not be colorless blood-corpuscles, is briefly answered, that the number of white blood- 
corpuscles in the circulation is usually underrated, since many more are found in the 
small veins and capillaries than in the large vessels and heart. Besides, during the 
existence of inflammatory processes, the spleen, lymphatic glands, etc., become 
hyperplasic, and thus provide a constant renewal of colorless corpuscles (Coiiniieim). 
As far as possible the swelling of the lymph-glands is. however, not to be received in 
this sense, but the cells found in the lymph-glands of inflamed parts must perhaps 
likewise be regarded as migrated cells (Hering). In the latter case the mode of 
increase of the colorless blood-corpuscles, at least in large suppurative inflammations, 
is still obscure. According to Schiff (Speech in the Acad, of Sciences, Florence, 
June, 1871), in large formations of pus, the very great number of pus-corpuscles 
proceed from an irritation of the internal vessel-wall, as it were a catarrh of its epi¬ 
thelium. 

In non-vascular tissues (cornea, etc.) THE pus-corpuscles all in like 

MANNER HAVE THEIR ORIGIN IN THE VESSELS OF THE NEIGHBORING TISSUES. 
If the cornea be cauterized with nitrate of silver, there will be formed an 
oparjue, grayish-white spot, which after a short time becomes brown. If 
the cornea be transfixed by a silk thread, there will be formed around it a 
small whitish circle, which is a consequence of small radiating fissures into 
the corneal tissue, into which the aqueous humor finds its way. Farther 
on, however, there is formed on the border of the cornea (not, as others 
assume, in its centre or around the irritated parts), a gray cloudiness, which 
advances in the shape of a wedge towards the thread: it is dependent upon 
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the migratory colorless blood-corpuscles (pus-corpuscles), which have accu¬ 
mulated in varying number and form in the tissue-spaces near the corneal 
corpuscles. A part of these will contain coloring matter if it has previously 
been introduced into the blood of the animal. Even an examination with 
the naked eye, still more that under the microscope, demonstrates that the 
pus-corpuscles have their origin within the vessels of the corneal border. 

Inflammation in vascular as well as in 11011 -vascular parts either retro¬ 
grades, or is followed by other processes. In the former case not only 
the transuded plasma is reabsorbed, but also the migrated colorless blood- 
corpuscles disappear, because they can pass out of the connective-tissue 
spaces into the lymphatic vessels, and thence again into the blood. 

If substances (wadding—tincture of cantharides, lunar caustic), acting as 
mechanical or chemical irritants, be introduced into the cavity of the abdo¬ 
men of a frog, or if the intestine together with the mesentery be drawn out 
of the abdominal cavity and exposed to the air, there will be developed a 
peritoneal inflammation, with fibrino-purulext exudation. In the first 
place, a hyperaemia quite suddenly appears. After a few hours the serous 
membrane is covered with only a thin, but gradually thickening, cloudy, 
removable substance, the exudation, under which the vessels can only be 
indistinctly recognized. After twelve to twenty-four hours the exudation 
is thicker, soft, dull-gray or yellowish, and removable in larger or smaller 
shreds. They consist, under the microscope, of compact pus-corpuscles, 
single red blood-corpuscles, and an intermediate amorphous or faintly gran¬ 
ular substance, made clear by acetic acid. 

According to what has just been stated, the essential phenomena 
of ACUTE inflammation are thus congestive hypeilemia of the vessels, 
EXUDATION OF SERUM AND FIBRIN, the EXIT OF RED, BUT ESPECIALLY OF 

colorless blood-corpuscles. The latter form the pus-corpuscles. 

In opposition to this view there is another older, according to which the 
pus-corpuscles are not the migrated colorless blood-corpuscles, but have 
their origin in the tissues themselves. In epithelial tissues the epithe¬ 
lial or gland-cells, in connective tissue organs of every kind the connec¬ 
tive tissue and analogous corpuscles, are the foci of growth of the pus-cor¬ 
puscles : by single or multiple division, by endogenous cell-formation, etc. 
This theory is also in great part supported by experiments, particularly on 
non-vascular parts. But no immediate observations of inflamed parts were 
originated and continued during the life of the animal, and the colorless 
blood corpuscles by absorption of coloring matter had not been made recog¬ 
nizable, and were thus distinguished from pus-corpuscles which may have 
been newly formed. Only recently have direct observations made this 
mode of suppuration again more probable. Besides, the theory has just 
been brought forward, that in inflammation not only the migratory connec¬ 
tive tissue corpuscles can become pus-corpuscles, but that also fixed cells 
can become completely migratory. 

From the foregoing it follows, that the point in dispute in the doctrine of inflam¬ 
mation is chiefly, the genesis of pus-corpuscles. The oldest theory, that the pus- 
corpuscles had a free origin in a structureless exudation, has been for a long time 
entirely abandoned. After this followed almost two decades, during which the 
theory prevailed, that pus-corpuscles had iheir origin in the tissues themselves. The 
latter theory was first taught by Virchow and his pupils (Strube), by Hrs and 
other -; but after the more recent demonstrations by Counheim given above, it 
can no longer, or only in part, be maintained. Still earlier indeed had Bollinger 
(1819), ,T. Muller (1824), Kocir, and Hassall observed a migration of the colorless 
blood-corpuscles from out of the vessels and these were pronounced by Kaltex- 
brunner (1. c., 1826j, Addison {Consumpt. and Sci'of., 1849, p. 82), and Zimmer- 
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MANN ( Preuss. Vereinszeit., 1852, p. 64, 144 u. 239) to be identical with pus-corpus¬ 
cles. But A. WALLER (1. c.) first described in 1846 the phenomenon in the frog’s 
tongue more exactly, and insisted upon the identity of the two kinds of corpuscles, 
and of the processes which concern them. In the years which followed, Waller’s 
observations were so entirely forgotten that Coiiniieim’s description was immed¬ 
iately regarded as representing a discovery. 

At present these two theories concerning the origin of the pus-corpuscles are 
sharply opposed ti each other: the one, that all pus-corpuscles are migrated color¬ 
less blood-corpuscles; the other, that only a part of the pus-corpuscles have this 
origin, but that the other part arises by one of the above described methods from the 
original tissue-cells. The majority range themselves on the side of the migration 
theorv. which experimentally it is comparatively easy to understand, and with 
which harmonize most of the forms found in dead human and animal tissues. But 
the other also, the proliferation theory, is held by many of the best investi¬ 
gators. Below we furnish a number of the arguments adduced by both sides, of 
which the most and best had their origin in the examination of the cornea. Below 
also many other facts will be considered. 

If the cornea be wounded in or near the middle of it, by passing a thread through 
it, by cauterization, etc., there will follow, according to the older theory of Virciiow 
and his pupils, His and others, a cloudiness of the corneal cells with albuminous 
masses, and an enlargement of them. If the affection be slight, the changes are ar¬ 
rested at this stage, and a restitutio in integrum follows. At other times, however, 
other processes follow. Immediately there appears an increase of the elements. 
The nucleus of the connective-tissue corpuscles enlarges and divides; division of the 
cell follows that of the nucleus, and very soon the place of the single cell is occupied 
by a brood of new cells. The production of cells proceeds so incessantly, that the 
original tissue is soon destroyed, and in its place are found only round, young cells, 
with albuminous inter-cellular fluid : pus-formation. While this takes place in non- 
vascular parts, which the irritant only has affected, there follow in the neighboring 
capillaries similar expansion and over-filling of the blood, as in other parts which 
are vascular, and where the irritant affects the vessels directly. According to V ir- 
ciiow’s theory, the increase in size, cloudiness, and growth of the cells are the first 
things observed after the action of the irritant; these processes appear earlier than 
dilatation and determination of the blood in the nearest bordering vessels. 

The results of the altogether different experiments of ConNnEiM are given in full 
above. 

Coiiniieim’s views have been confirmed on many sides, at first by Ivremiansky 
{Wien. med. Wschr ., 1868, Nos. 1-6). Iv. found after cauterization of the cornea, 
before the appearance of cloudiness at the periphery, an accumulation of pus-corpus¬ 
cles about the point of irritation : this, according to him, is the result of the migra¬ 
tion of the connective-tissue corpuscles to the place of irritation; the colorless cor¬ 
puscles (recognizable by the cinnabar with which they had been colored ) arrive at 
the same point only after two to four hours. An observation by Ererth is equally 
important. A majority of frogs in winter are affected by melansemia. If a corneal 
inflammation be induced in them by separation of the epithelium, there will be ob¬ 
served after a little time in the corneal tissue, by the side of the colorless amoeboid 
cells, a not inconsiderable number of those which are filled with black, finely-granu- 
lar pigment, and possessing equally active movements with the former. Also black 
pus has been found in the mesentery. ( Virch. Arch., 1870, LI., p. 145.) 

Among the most prominent of the opponents of Cohniieim’s theory, stand Reck¬ 
linghausen and Stricker. 

Hoffmann and Recklinghausen (Med. Ctrlhl ., 1867, No. 31) found in the hol¬ 
low spaces of an excised cornea of the frog or cat—after it had been cauterized in the 
centre, and preserved a day and longer under suitable conditions—a so considerable 
number of pus-corpuscles, that they assume their formation from the migratory 
corneal corpuscles. Hoffmann ( Virch. Arcli. , XLII., p. 204) has seen in such cor¬ 
ner the migratory cells accumulate about the point of irritation : in the frog in forty- 
eight hours, in the rabbit in twenty-four. In the immediate zone around the 
injury, the stellate cells of the cornea were unchanged ; then followed a ring which 
consisted almost entirely of only rounded movable forms, sometimes so numerous, 
that the new-formation of cells was not to be doubted. Here the fixed or stellate 
cells had almost entirely disappeared. 

Coiin iieim (Virch. Arch., 1869. XLV., p. 333) has refuted these statements. He 
saw during observation of superficial wounds on the tip of the tongue withxmt loss of 
blood, the fixed connective tissue corpuscles assuming many forms, either pale and 
finely granular, or coarsely granular. Near the wounds they were transformed into 
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finely granular globules, similar to corneal cells. Simultaneously, there arose a di¬ 
latation of the vessels ; the red blood-corpuscles migrated through the capillaries, the 
white chiefly through the veins. Nowhere was there shown a proliferation of the 
connective-tissue corpuscles. Thus also in healing by granulation, at least at the 
beginning of suppuration, the source of the pus-corpuscles is demonstrated. More¬ 
over, Cohnheim has in frogs supplied the blood with a solution (0.75 per cent.) of 
common salt, and induced in them a traumatic keratitis. The corneae remained clear, 
the stellate corneal corpuscles did not show the formation of pus. 

Recently, S thicker has declared himself opposed to the universal prevalence of 
the Waller-Counheim theory, by experiment and inference. According to 
Stricker, pus-corpuscles arise in various epithelia partly by division, partly by 
endogenous formation, from connective-tissue corpuscles, from muscular cells, Ac. 
Besides, according to Stricker, in the inflammatory process, iixed cells (many epi¬ 
thelia, branched corneal cells, cells of the capillary walls) become migratory not only 
to a certain degree, but even entirely so. Finally Stricker has also seen a migra¬ 
tory cell transformed into two independent migratory forms. 

Norris and Stricker (Stud. , 1870) describe, in opposition to Coiinheim, a doubt¬ 
less considerable nuclear increase in the inflamed cornea of the frog; they hold that 
the MULTINUCLEAR MIGRATORY MASSES HAVE THEIR ORIGIN IN TIIE FIXED COR¬ 
NEAL coiirusCLES. The nuclei of Descemet’s epithelium also are increased in num¬ 
ber. 

-According to Stricker (lb., p. 18) tiie migratory cells or pus-corpuscles 
in inflammation increase by division. (S. experimented on the tongue and 
cornea of the frog.) Increase of pus-corpuscles in mass could not previously be 
shown ; it is not to be distinguished also from a passing accumulation of liquid. By 
examination for one hour of the mucous membrane of a frog’s tongue partly torn 
off on the day before, it was shown that even the apparently fixed connective- 
tissue corpuscles assumed a certain degree of mobility in the process of inflammation ; 
that in them there were observed appearances, which pointed to attempts at division ; 
that parts of them became movable as though they were only amoeboid cells. Upon 
the whole, Stricker believes that a sharp line is not to be drawn between migratory 
and fixed connective-tissue corpuscles. Finally, Stricker observed, that a bi-nu 
clear cell of Descemet’s epithelium can divide into two migratory cells (or pus-corpus¬ 
cles), as well as that the larger poly-nucleated and more inactive elements of the in¬ 
flamed cornea may become wholly or in part like the migratory cells in appearance 
and movements. 

Oser (lb ., p. 74) also holds to the endogenous formation of cells : according to his 
observations the endogenously formed pus-corpuscle is born in the conjunctiva of 
the rabbit like a j'oung trout; it leaves by amoeboid movements the vesicular space 
in the interior of the epithelial cell. (Consult also Hansen, Wien. med. Jahrb., 1871, 

p. 210.) 

Kremiansky cauterized the ensiform process of hens (the skin being imme¬ 
diately closed over the cartilage), and found, eight to ten days afterward, pus-cor¬ 
puscles containing cinnabar, only about the cartilage, never within it ; whereas in the 
cartilage immediately adjacent to the necrotic portion there was an increase of car¬ 
tilage-cells (ten to thirty) within the capsules, resulting at the end in the formation 
of cells, which were entirely analogous to pus-corpuscles. 

According to Durante ( Wien. vied. Jahrb., 1871, p. 321), in inflammations of the 
vein-wall, endothelium, muscular cells, and connective tissue nuclei participate 
in the proliferation. The intima shows first an irregularly distributed increase of 
inter-cellular substance ; later, the inter-cellular substance increases in the whole 
periphery of the endothelial cells, these even become oval or round, the body of the 
cell becomes granular, the nuclei show marks of division: two. four, six, eight of 
them appearing in one cell. The cells now show either Oser’s endogenous cell-for¬ 
mation ; or the clefc nuclei crowd against the periphery of the cells. Small eleva¬ 
tions, buds, make their appearance, in which, during the gradual separation, the nu¬ 
cleus remains inclosed: finally, there are to be observed in the midst of the inter¬ 
cellular substance a great number of such cells, whose origin is by gemmation, or at 
least by a process bordering upon it. The changes in the adventitia are not to be 
distinguished from those of common connective tissue in inflammation. The con¬ 
nective-tissue cells swell, and assume an oval, round, or irregular shape; later, their 
nucleus divides into two, three, or more parts, which is afterwards followed by a 
division of the cells themselves. The smooth muscle-fibres show a proliferation of 
their nuclei and division of the spindle cells themselves into smaller segments. The 
endothelia of serous membranes (Kundrat. lb., p. 226), bone-corpuscles (Lang, lb., 
p. 34. Rustizky, lb.), cartilage-cells (Hutob, lb., p. 398), behave in a like man- 
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ner. Consult also HeiTzmann’s (lb., 1872, pp. 389—357) experimental investiga¬ 
tions on inflammation of bone and cartilage. 

Klein and Burdon-Sanderson (Med. Ctrbl. , 1872, Nos. 2-4) observed in rabbits 
and guinea-pigs, on the inflamed peritoneal side of the diaphragm, that the eudo- 
thelial cells put forth buds which became separate as young amoeboid cells. Similar 
observations have been made by us on the pleural side of the diaphragm, on the 
mediastinum and omentum. In chronic inflammations there are observed, especially 
in the true stomata, oval, bud, and cone-shaped swellings, which consist of proliferat¬ 
ing endothelial cells. 

Two important works on this subject again support Cohnheim. The first of these 
is the more important, in that it at the same time regards the latest investigations of 
Han vie R and Schweigger-Seidel respecting connective-tissue and corneal corpus¬ 
cles. 

A. Key and C. Wallis (Nord. vied. Ark. , 1871, III, No. 16; Virch. Arch., 1872, 
LV. , p. 296) cauterized the cornea some seconds with the point of a stick of nitrate 
of silver. Around this point vacuoles were formed at first in the nuclei, not in the 
protoplasm of the corneal corpuscles, later in the latter also and in the vacuole-zone, 
whereby they were finally destroyed. In the frog this destruction has mostly appeared 
before a single new-formed or immigrated cell has appeared in the vacuole-zone. 
(The formation of the vacuole-zone and the destruction of the corneal corpuscles are 
results of the destructive influence of the silver salt; they are wanting in mechanical 
irritations of the cornea, e.g. , after the passing through of a thread.) Around the 
vacuole-zone the corneal corpuscles are unchanged. In frogs the migration of cells 
from the periphery of the cornea toward the centre first begins on the second or third 
day, earlier and in greater numbers in the anterior lamellae than in the posterior. 
Only at the end of the first or beginning of the second week have they reached the 
cauterized point, later they wander into the slough. They are always most numerous 
in the innermost parts of the vacuole-zone. Then the corneal corpuscles beyond the 
vacuole-zone are besides unchanged: they show no trace of division of the nucleus, 
etc. ; near them, in the same space of the basis substance, lie the migrated cells. 
The latter differ much in size and form, having from one to twelve nuclei; varying 
in size from one to tenfold; in shape smooth and unstable, or spindle-shaped, etc.; 
but motion and migration are common to all, as well as the presence of cinnabar 
when this substance had been injected into a lymph-space. In frogs in summer the 
processes are essentially the same, but are much more rapid, and the number of 
migrating cells is greater ; besides, red blood-corpuscles also are found. 

F. A. Hoffmann (Virch. Arch., 1872, LIV., p. 506) observed the following: After 
injections of cinnabar, even in very large quantities, granules of cinnabar are always 
sparingly found in the fixed cells of connective tissue. But if at any point an irrita¬ 
tion is produced (in rabbits by cauterization with nitrate of silver or by injection of 
acetic acid under the skin) here the cinnabar accumulates in very considerable quan¬ 
tity. After four weeks, pus from such points was always free from cinnabar, not¬ 
withstanding that the tissues secreting this pus still included cells- bearing cinnabar 
in large quantity. This goes to show, that the connective tissue corpuscles are alto¬ 
gether passive in the formation of pus. 

According to Ranvier (Nouv. diet, de medec. et de cliir. prat.. 1870. XIII., p. 675), 
the laminated pavement epithelium of serous membranes, bloodvessels and lympha¬ 
tics, of the alveoli of the lungs and glomeruli of the kidneys, as well as the flat cells 
of connective tissue, under the influence of inflammation return to the embryonic 
state, and after the disappearance of the inflammation, these embryonic cells again 
form the original tissue. In artificial peritonitis the endothelial cells at first swell 
up, become granular, their smooth nuclei become spherical and then divide, then the 
cells having become globular also divide. Many of them become completely sepa¬ 
rated from the basement membrane, fall into the peritoneal cavity, and mingle with 
the numerous migrated white blood-corpuscles. If the inflammation recedes, these 
free cells become fixed, unite with the white blood-corpuscles, upon the surface of 
the serous membranes spread out laterally, and form anew a complete epithelial 
covering. It happens thus also in fibrinous pneumonia. The endothelia, which form 
the cap illary wall, act in a similar manner in inflammation: thus is explained the 
passage outward of white blood corpuscles through the capillary walls. 

Flemming ( Virch. Arch., 1872, LVI., p. 146) induced artificially (by threads, 
iodine, croton oil) inflammation in the subcutaneous connective tissue of rabbits and 
dogs. The fixed connective-tissue cells show no processes of increase, or only rarely. 
But such separate forms are not wanting even in healthy connective tissue, and are 
frequently met with in localities where there is a forming of fat and in foetal tissue. 
On the other hand, F. found double or numerous nucleoli, often of very large size, 
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oftener than in normal tissue. Here and there where pus is being formed, in place 
of the delicate, flat connective tissue corpuscles, there are found thicker, compact, 
smooth-walled corpuscles, flat, spindle-shaped, or branched; or round, spindle-shaped 
corpuscles, connected more firmly to one another by thicker anastomoses. The cellu¬ 
lar elements, under the influence of inflammation, return to the embryonic type : 
ItANVIKR. In inflamed tissues the substance of a cellular plane may be retransformed 
into the much moister, more compact form of an embryonal connective-tissue cell. 
All these states correspond with the cloudy swelling of Virchow. In many prepara¬ 
tions the cells thus changed in the non-vascular vicinity of a fat-lobule are filled with 
small and medium-sized oil-globules. In only one case in seven, after irritation by 
croton oil, was there shown a proliferation of fixed cells, but which in no probability 
led to the local production of pus. 

According to KfiSTER ( Virch. Arch ., 1872, LV., p 455), the pigmented connective- 
tissue cells during inflammation of the lungs become migratory, and appear with 
their pigment in the alveoli. 

G-UTERBOCK ( Virch. Arch., 1872, LVI., p. 352), after incomplete tenotomy of 
the tend/) AchUUs of rats, found no inflammatory changes in the elements of the 
tendon. The funnel-shaped space of the wound becomes almost completely filled 
by the ensheathing tissue; this contains young cells, nuclear divisions of the endo- 
thelia. 

Also Bizzozeuo’s (Oestr. Jahrb., 1872, II., p. 160) clinical observations, and his 
experiments on the exciting of hypopyon, do not support free cell-formation: the 
large mother-cells with the daughter-cells (ten to twenty in number) have their origin 
in the swallowing up of pus-corpuscles (also red blood-globules) by the epithelium of 
the parts in question. 

PATHOLOGICAL ANATOMY, AND PATHOLOGY. 

The four principal phenomena of inflammation, therefore, are: hy¬ 
peremia, EXUDATION WITH SUPPURATION, NEW-FORMATION OF TISSUES, AND 
THEIR TRANSFORMATION 01t DESTRUCTION. 

These principal phenomena are not always present. They are purest, 
especially hyperaemia and exudation with or without suppuration, in acute 
inflammations, which run a quick course within a few days or weeks, and 
terminate either in resolution (i.e., healing), or in suppuration or mortifica¬ 
tion, the causes of which act quickly, and are quickly removed, or disappear 
spontaneously. In chronic inflammations, on the other hand, the causa¬ 
tive force is found to be an irritation, acting not once but repeatedly; or 
the irritant is not removed; or it consists especially in predispositions to 
inflammation. In all such cases hyperaemia of the capillaries is sometimes 
slight, sometimes it is more marked; serous exudation is for the most part 
considerable ; also the formation of mucus is often considerable and particu¬ 
larly of long duration; suppuration may be wanting or of trifling amount. 
The tissues sometimes become atrophic or flaccid, destitute of elasticity ; 
sometimes there is found a new-formation of tissues, particularly of con¬ 
nective tissue and of osseous tissue. Connective tissue is not infrequently 
so abundant that by it the remaining tissues (gland-cells, nerve- and mus¬ 
cle-fibres) are destroyed : inflammatory induration. 

The first principal phenomenon of inflammation is congestive HY¬ 
PEREMIA. 

Hyperaemia—according to what is found in dead bodies—shows several 
grades: sometimes simple accumulation of red and especially of white blood- 
corpuscles in the capillaries without co-existent changes; sometimes, be¬ 
sides, uniform or irregular dilatation and elongation of the capillaries, and 
such close crowding together of the red corpuscles that the contours of 
single ones cannot be distinguished. 

Hyperaemia, however, is not the whole of inflammation, but it must be pres¬ 
ent if the process is to be designated as inflammatory. For, in the first 
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place, hyperaemia explains the redness of the part, also its increased warmth 
and a part of the swelling. In the second place, we must include in inflam¬ 
mations also the alterations of nutrition, which in non-vascular parts 
appear after the operation of the same irritant, because the changes included 
therein are quite the same as in vascular parts. These non-vascular parts 
are, besides the cornea and cartilage, all membranes in their epithelial 
covering, especially if the latter is made up of many laminae : here the nearest 
vessels, namely those of the papillae of the corium of the skin or mucous 
membranes, are the seat of the hyperaemia. In the third place, finally, 
hyperaemia and elevation of temperature may exist locally without inflam¬ 
mation, as is shown in the neck after section of the sympathetic. 

Hyperaemia, however, is a necessary phenomenon of inflammation. It 
determines in general, in many cases, the height of the inflammation. In 
external parts, as the skin and bordering mucous membranes, it is an 
especially valuable symptom of inflammation: for here it is never absent. 
It varies in shade of color from the palest to the darkest red, which depends 
partly upon the severity, partly upon the cause and character of the inflam¬ 
mation, partly upon conditions which are unknown. For the most part, 
the redness in the middle of the inflamed part is darker, and toward the, 
periphery assumes a lighter shade. It is sometimes uniform, sometimes 
spotted, sometimes streaked, etc. 

As in common congestive hyperaemia, so also in inflammation, is the cir¬ 
culation accelerated. But during the progress of the inflammation, 
especially if of long duration, after exudation, etc., it is retarded. 


Samuel ( Virch. Arch., LI., pp. 41-178) has carried on experiments on the influ¬ 
ence of ligation of arteries upon the origin and course of the inflammatory process : 
that influence is only exceptional, and to a slight extent perceptible. 

How overfilling of the blood in a few vessels under the operation of 
irritating causes so quickly occurs, sometimes, after a previous contraction 
of the small arteries, is not yet made clear. Three different explanations 
(theoi-ies of inflammation) are offered. 

The contraction which has often been observed in the smallest arterial vessels in 
the beginning of inflammation, is explained by the convulsive contraction of their 
muscles, which, as is known, are strongly developed precisely in the smallest vessels. 
Also in the capillaries independent contraction and dilatation have been observed. 

Of the three theories of inflammation, each is to a certain extent intelligible, 
but no one wholly so. 

According to the spasmodic theory, the accumulation of blood depends upon a 
cramp of the smallest arteries or veins. This is produced by the irritant in the same 
place and point, or it is reflex in origin through the irritation of a cooling of the skin, 
etc. (Cullen, Eisenmann, Brucke). This theory is untenable, because it does not 
explain all inflammations : e.g ., those caused directly by warmth, those arising from 
an interruption of the venous current. 

According to the paralytic theory (Vacca, Wilson, Hastings, Stilling), the 
irritation affects only the sensory nerves, e.g. of the skin, and produces an antagonistic 
paralysis in the vaso-motor nerves. The vessels then, in consequence of the paralysis 
of their nerves, relax, dilate, and receive more blood. It is opposed to this theory, 
that retardation of the blood depends only upon partial dilatation of the arteries, while 
uniform dilatations of them by reducing the friction accelerate the blood-current. 

According to the attraction-theory (Haller, Langenbeck, E.mmert, J. 
Vogel), or the assumption of a nutritive irritation (Virchow), an increased 
attraction between the parenchyma of organs and the blood is the cause of the slower 
movement of the blood. Or. according to Virchow, it is the cell in itself, without 
the intervention of the nerves and of the blood, which is excited to increased nutritive 
activity, to greater metamorphosis, and to new-formation ; and the more quickly this 
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takes place, the more it runs the danger even of destruction, the more is the process 
to be looked upon as inflammatory. In support of this view it is asserted that from the 
experiments of H. Weber, as well as of Schuler. Boner, Buchheim, O. Weber, 
arrest of the circulation also gives rise to inflammation or stasis. If, especially in 
a frog after section of the nerves, the arteries and veins of an extremity be ligated, 
and then caustic alkalies, ammonia, acetic acid, common salt, carbonate of soda, salt¬ 
petre, chloride of calcium, urea, corrosive sublimate, tartar emetic, nitrate of silver, 
tincture of cautharides, iodide of potassium, etc., be brought in contact with the web, 
in which the circulation is completely arrested, the blood will stream from out of the 
arteries into the capillaries and heap up, and even from out of the veins it will flow 
backward into the capillaries of the irritated region. If the circulation be re-estab¬ 
lished the stasis will remain. (If, instead of ammonia, etc., saturated solutions of 
Epsom salts, sulphate of soda, acetate of zinc, etc., be used, the stasis will disappear 
after the release of the circulation.) Distilled water, solution of gum, phosphate of 
soda, alum, tannin, etc., are in free as well as in ai’rested circulation, without influ¬ 
ence. 

According to Samuel ( Virch . Arch., 1868, XLIII., p. 552; 1870, LI., p. 178), 
inflammation of the ear of the rabbit by cold, heat, or cauterization, offers the same 
symptoms of acute inflammation as in man. Disturbance of the circulation is the 
most prominent of all the phenomena. It consists in the ‘‘analysis of the blood” 
(thus Samuel terms the accumulation of the colorless blood-corpuscles against the 
wall of the vessel, etc.) in the veins during the undisturbed blood-flow into them from 
the arteries. The changes of calibre of the vessels, which, according to Coiiniieim, 
et al., are essential forces of this “ analysis,” Samuel holds to be contingent. He 
lays the greatest weight on the changes of tiie vessel-walls, whereby they lose 
their smoothness, tone, and contractility. The disturbance of nutrition consists in a 
changed influence of the internal wall on the blood, in greater permeability of the 
vessel-wall; finally, in increase in size, whereby the number of channels acces¬ 
sible to the blood is increased (new-formation of vessels). Besides, S. lays weight on 
the whole blood, which is poorer in colorless corpuscles, and on the coagulation of 
the blood at the focus of inflammation, wherein is a source of emboli. The “ blood- 
analysis ” in the veins is more marked than in the arteries, because fluids which may 
come in contact with the vessel-wall, deprived of their activity in a purely mechanical 
manner through the strong transudation stream from arterial regions, become, on the 
other hand, very favorable to it through the current of resorption on the part of the 
veins. 

Saviotti ( Virch. Arch., 1870, L. , p. 592) describes two series of changes in the 
circulation in the web of the frog after application of irritants. In one and the most 
frequent series (by dilute caustic soda, concentrated acetic acid, dilute sulphuric acid, 
croton oil, ether, solutions of alum, carbonate of soda, saltpetre, soda, etc.) there are 
dilatation of the arteries, then of the capillaries and veins, and simultaneous accel¬ 
eration of the circulation—true active hyperaemia; afterwards, contraction of the 
arteries and retardation of the circulation—anaemia. Herewith may be connected : 
anaemia of the capillaries; formation of border zones in the small, less often in the 
large veins and capillaries, rarely in the arteries, because by arterial contraction the 
vis-a-teryo diminishes, or also in consequence of direct changes of the capillary wall; 
stasis in the capillaries and small veins, seldom in the large veins, almost never in the 
arteries. In the second series (especially by ammonia and some of its salts) 
there appears, immediately after their use, a contraction, first mentioned by the 
author, of the arteries with retardation of the circulation, which lasts from a few 
seconds to some minutes Afterwards dilatation of the vessels appears with accelera¬ 
tion of the circulation, and then secondary contraction, so-called, of the arteries, 
with retardation of the circulation. The primary contraction is probably a local 
phenomenon, and is dependent either upon a direct effect of the irritant upon the 
arterial wall, or is a local nervous phenomenon. Dilatation is probably also of a local 
nervous nature, not dependent on a direct action upon the muscles of the vessels. 
From S.'s experiments it follows that the spasmodic as well as the paralytic theories 
of inflammatory hyperaemia are founded on fact, but are both incorrect in so far as 
they are exclusive. 

Saviotti saw in Goetz's experiment of striking the abdomen of the frog 
that the arteries of the web contracted, many capillaries became empty, and the cir¬ 
culation slow. If after a few seconds the striking was stopped, the circulation soon 
again became regular. Frequently the arteries passed into a condition of dilatation. 
Similar to the effects produced in the striking experiment are those of pricking 
the skin of the abdomen or back, pinching of the finger with the pincers, application 
of chemical substances upon the body, the electric current. Contractions appear 
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immediately or in a few seconds after the irritation: usually more intense in the 
first case than in the second. If contraction takes place at once, the circulation 
comes to a sudden stand-still. If the appearance of the contraction be comparatively 
slow, the diameter of the arteries will be shorter, with proportionate diminution of 
the quantity of blood. The contractions lasts ten to thirty seconds : then the circu¬ 
lation again assumes its previous pace. In veins of medium calibre, only once did 
S. see a slight contraction. It is doubtful whether it is like that of the arteries or is 
a consequence of the diminished quantity flowing into them. 

S. discusses farther, whether the contractions of the arteries are identical with the 
rhythmical contraction, so called, of the arteries which Scuiff first observed in the 
rabbit’s ear, S. also in frog’s web, or whether they depend upon the changes in the 
heart’s action, which appears on irritation of the sensitive nerves (Gor/rz, et dl.), or 
whethel - they are peculiar contractions of a reflex character. From his experiments, 
S. decides in favor of the latter : the contractions do not appear after section of the 
sciatic nerve in the corresponding extremity, but in the web of the other limb. 

That at the focus of inflammation and in its neighborhood, greater quantities of 
blood are in circulation, is manifested by the appearance of the part, the pulse-beat, 
according to Mosengeil (Arch. f. klin. Chir., 1871, XIII., p. 70) the fuller and 
stronger pulse of the corresponding extremity in comparison with that of the other. 
The change in the pulse is due to a relaxation of the vessel’s muscular coat. 

The behavior of the lymphatics of inflamed parts has been little investi¬ 
gated : in part on the dead body, in part experimentally, in part clinically. 
From clinical observations it has long been known that many substances, 
especially the poison of dead bodies, and the virus of syphilis, give rise to 
an inflammation of the lymphatic vessels and glands; special histological 
investigations of the lymphatics themselves are wanting. X dilatation of 
the lymphatics, probably with increased function of the same, is recognized 
in many superficial inflammations of the skin (beneath and about blisters, 
pock-pustules, etc.), in inflammations of many serous membranes, especially 
of the pleura with serous, fibrinous, and purulent exudation. More rarely, 
the dilated lymphatics are filled with fibrinous coagula. Least known is 
the behavior of the lymphatics in inflamed parencliymata. 

Loscii (Vircli. Arch ., XLIV., p. 385) caused traumatic inflammations in the dia¬ 
phragms and testicles of rabbits and dogs. In the mesentery he observed the lympha¬ 
tic sheaths in the course of the inflammation collapse more and more, the quantity of 
the contained lymph diminish, the lymph-stream become slower, and cease entirely. 
In the testicles inflamed traumatically, the lymphatics were in some cases in great 
part preserved, not closed, but open and discharging upon the surface of the wound ; 
in other cases, on the contrary, they were, in the immediate neighborhood of the 
wound, filled with a mass consisting of pus, fat. and detritus. In like manner did 
most of the remaining cases behave: closure succeeded early, sometimes after twenty- 
four hours. Never was the closure dependent upon compression by the increased 
growth of the tissue. 

The Author ( Arch. d. Ileilk. , XI., p. 43) found in recent sero fibrinous pleuritis 
almost constant changes in the lymphatics : most often dilatation of them and filling 
up with a clear liquid, poor in corpuscles; once filling up of them with a mass like 
coagulated fibrin. In older cases of pleuritis the endothelia of the lymphatics were 
mostly enlarged, more cylindrical, not infrequently with double nucleus. In suppu¬ 
rative pleuritis there likewise occur dilatations of the lymphatics, and filling up of 
them with an albumino-fatty substance. In the neighborhood of common abscesses 
of the liver there are not infrequently found extreme dilatation of the perivascular 
lymphatics and a deformity of the hepatic cells, caused by compression. 

Schotte (Arch. f. Annt. u. Physiol ., 1869, p. 467) observed a tolerably quick and 
complete absorption of iodide of potassium, etc., by the suppurating pleural cavity. 
Vice versa , after the internal use of these substances, they were again found in the 
pleural pus. 

The second principal phenomenon of inflammation is exudation and 
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inflammatory exudations. 


The two products, fluid and cellular exudation (Pus), occur almost always 
together, but in the most varying proportions. 

Exudation is the most important part of the processes of inflam 
mation, and is never absent, although often to be perceived only by the micro¬ 
scope. It is not infrequently the first and, in inflammations of internal 
organs, the only demonstrable change of the inflammatory process. It occurs 
alike in vascular and in non-vascular, in solid and soft parts, in membranes 
and parenchymata. 

With respect to their seat, exudations are distinguished as free, inter¬ 
stitial, and parenchymatous. 

Free exudation is found upon free surfaces, and within the natura. 
cavities of the body (external skin, mucous membranes, gland-ducts, acini 
of the glands, alveoli of the lungs, serous membranes). This exudation is 
connected more with the processes of secretion. 

Instertitial (or infiltrated) exudation is found between the tissues and 
parts of tissues, which, if they are firm, it separates; if softer, it destroys 
(laminated epithelium, connective tissue of the most various parts, brain, 
etc.). 

Parenchymatous exudation, which has its analogue in common nutri¬ 
tion, is seated within the tissues themselves, especially in epithelial and 
glandular cells of every kind, in connective tissue and bone-corpuscles. The 
cells become larger, their contents more abundant, and for the most part 
moi'e clouded by molecules of albumen than in the normal state: albu¬ 
minous infiltration. 

In many cases two and even all three exudations are found at the same 
time in the same organ. 

While the two latter exudations mostly remain a longer time, free exu¬ 
dation is either immediately or after a shorter time passed to the exterior 
(intestinal canal, urinary passages, etc.); or it penetrates still deeper into 
the organs (eg., from out of the smallest bronchi into the alveoli of the 
lungs)—displacement and retention of the exudation. 

The quantity of exudation varies extremely: according to the intensity 
of the causes of the inflammation, the character of the exudation, its seat, 
and the kind of tissue affected. It varies from a minimum to many pounds. 
The most abundant are the free exudations of serous membranes and many 
mucous membranes. 

With respect to quality, exudations are serous, mucous, fibrinous, 
and mixed. In each of these exudations there is a slight admixture of 
cells analogous to colorless blood-corpuscles. If their quantity be increased, 
there result purulent exudation, or the mixed forms of this: the sero- 
purulent, the muco-purulent, the croupous, and the diphtheritic. If 
the exudation contains red globules in greater quantity, it is called ii.emor 
kiiagic. All these exudations show transitions among themselves. 

The chemical character of the exudations is on the whole still obscure : 
because they are almost never examined in the fresh state and are rarely 
pure, because of the existing imperfect knowledge of albuminous bodies, 
etc. 

Serous exudations are not essentially different from transudations. They 
are mostly clouded by colorless blood-corpuscles, more rarely by small por¬ 
tions of fibrin, by cells separated from the organs affected, and by oil-globules. 
In other respects serum has all the peculiarities of blood-serum, except that 
it has somewhat less albumen and more water. Serous exudations upon 
free surfaces are called flux (serous catarrh) ; into serous cavities, 
INFLAMMATORY DROPSY; into tissues, INFLAMMATORY (EDEMA; Ullder tile 
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epidermis and uppermost layers of tlie pavement epithelium of the mucous 
membranes, serous vesicles, etc. A serous exudation containing more 
albumen is called albuminous. It is found in many inflammations of the 
kidneys, where albuminous urine is excreted (albuminuria), of the intestinal 
canal (dysentery), etc. To this class belongs also parenchymatous exuda¬ 
tion (vide supra). Between serous and albuminous exudations there are 
numerous transitions. 

An essential distinction was formerly held to exist between inflammatory exuda¬ 
tions and dropsical effusions. Since, however, A. Sciimidt (p. 155) has shown that 
all translations are coagulable, and that the red blood-corpuscles (because they 
could be replaced by a solution of hsematoglobulin), induce coagulation chemically 
(not in their character as living cells), this distinction comes to nothing. 

Donders (Neclerl. lane.. Nov., 1849) found the clear watery liquid, which is dis¬ 
charged in the first stage of nasal catarrh, with a strongly alkaline reaction; in its 
drying up there are formed abundant crystals of sal-ammoniac, less of common salt. 

Many serous exudations are probably founded on affections of the nerves. Thus. 
e.g ., primary and metastatic serous, or polymorphous parotitis (mumps). This accords, 
perhaps, with the teaching of the known physiological experiment. If the excretory- 
duct of the submaxillary salivary gland be ligated, and the nerve arising from the 
chorda tympani irritated, the gland will become filled with saliva. After the secre¬ 
tion is exhausted, there appears a form of oedema of the gland, whereby it becomes 
three to six times larger than the gland of the other side, and the lobules separated 
by wide intervening spaces ; in these, as in the vicinity of the glands, there is 
found an abundant serous liquid. 

Concerning the formation of vesicles in the skin of man, consult Voigt, Arch. d. 
Ileil/c., 18(i9, X., p. 240; concerning that in the skin of the frog, Biesiadecki, 
Vliters.. 1872, p. GO. 

Mucous exudation is sometimes not to be distinguished from normal 
mucus, sometimes it is thicker, mostly, however, thinner than the latter. 
It occurs oftenest on mucous membranes, and forms mucous catarrh. 
These exudations have their origin in the production in increased quantities 
of liquid mucus by the epithelium of the mucous membrane and mucous 
glands, anil in the mixing of this with the increased flow from out of the 
vessels, or migrated colorless blood-corpuscles. 

Noteworthy changes in the three above-mentioned exudations seldom 
occur, especially because soon after formation they are removed from the 
body. Otherwise they manifest not infrequently a sort of inspissation, 
which in mucous exudation may, in turn, be followed by liquefaction. 

Fibrinous exudation consists of fibrin, which the hypereemic vessels 
yield in liquid form, but immediately after its exit from the vessels it co¬ 
agulates into fibres, and within the spaces between these serum is confined. 
Besides the fibrin, the serum is found in varying proportion : sometimes so 
little of it, that it is only confined within the intermediate spaces of the 
fibrin: true fibrinous exudation ; sometimes in greater quantity within 
the cavity of the serous sac : sero fibrinous exudation. The serum then 
is clear or cloudy. There are almost always mixed with the exudation pus- 
corpuscles, i.e.y migrated white blood corpuscles, in varying quantity; abun¬ 
dant admixture of these constitutes the fibrino-purulent exudation. All 
these exudations occur purest on the surface of serous membranes. 

According to A. ScnMiDT, coagulation of inflammatory exudations upon free sur¬ 
faces, as well as within parenchymata, is dependent partly upon the admixture of 
blood-corpuscles, partly upon the distention of the bloodvessels with blood-corpuscles. 
Thereby the pressure upon the vessel-walls is considerably increased, so that a trans¬ 
udation takes place, not as in dropsy through healthy vessels, but through those that 
are diseased, and acts like a foreign substance. 
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Flemming ( VircJi. Arch., 1872, LVI., p. 146) holds that the fine fibrinous net- work 
in artificial inflammation occurring in the subcutaneous connective tissue of dogs and 
rabbits does not have its origin in the blood, but is a secondary product of the inflam¬ 
matory state. 


The fibrinous exudation of serous membranes is at first a very thin, 
hardly recognizable, variously thick (to many lines), sometimes homogen¬ 
eous, sometimes in places or throughout netted or flaky, moist and translu¬ 
cent layer of gray or yellowish-white color, and adheres quite firmly to the 
subjacent tissue. The section-surface is likewise colored, moist in varying 
degree, seldom entirely uniform, and likewise for the most part reticulated. 

Microscopically, fresh fibrinous exudation appears rarely as an uniformly 
thin, bright substance, from which numerous irregular tufts stand out; it 
forms mostly a net-work of fine fibres of varying thickness and size, rounded, 
with the intervening spaces filled with serum. The endothelia of serous 
membranes are preserved under the exudation, sometimes normal, more 
rarely clouded, or having many nuclei. The lymphatics of the serous mem¬ 
branes are for the most part widely dilated, filled with clear liquid, also in 
rare cases with fibrin. The older and thicker exudation of fibrin consists of 
the same fibrin-fibres, in whose larger spaces serum is found partly free, 
partly confined in a fine fibrous net-work. With the serum are admixed 
mostly common or swollen pus-corpuscles. The endothelium of serous 
membranes reacts sometimes as in fresh exudations, sometimes it is increased. 
The lymphatics are usually still farther dilated. The serous membrane 
itself is normal in pure cases of fibrinous exudation. 

Consult the Author (Arch. cl. Heilk., 1870, XI., p. 43), as well as the different state¬ 
ments of Virchow, Buhl (1. c.p Rindfleiscii (Lehrb., 1871, p. 226). According to 
Hanvier ( Nouv. diet., 1870, XIII., p. 075), endothelia are again found in the midst 
of the fibrinous layers of the serous membranes: they have very odd forms, and 
often contain a very great number of nuclei, like giant-cells. 

In other organs pure fibrinous exudation seldom occurs. Especially 
do the so-called fibrinous exudations upon mucous membranes, perhaps also 
those in the lungs and kidneys, have a character similar in gross to coagu¬ 
lated fibrin, but under microscopic investigation, etc., are for the most part 
altogether different (see Croupous exudation). Mixtures of fibrin, on the 
other hand, are not infrequently found, especially in serous exudations: 
also upon serous membranes in inflammatory exudations of the epithelium 
and of the corium of the skin and of mucous membranes, in many intense 
inflammations of the sub-mucous tissue, of the stomach, intestines, etc. 

The metamorphoses of fibrinous exudation are : desiccation, connective- 
tissue-like transformation, fatty degeneration, and calcification. These 
never affect the fibrin alone, but always also the serum and the cells in it. 

Drying, CORNIFICATION, shrivelling up of the fibrin takes place only in small 
quantities of it. It becomes gradually harder and drier, can no longer be split into 
fine fibrillax but only into flake-like fragments ; acetic acid gradually loses its effect 
upon it. The fibrin is changed into a homogeneous or coarse-fibred, connective 
tissue-LIKE mass, which swells up in acetic acid, but neither cell-nuclei (except 
perhaps those of the included colorless blood-corpuscles) nor connective tissue cor¬ 
puscles appear : fibrinous tissue. The fibrin swells up from absorption of serum, 
becomes softer, translucent: cedema of the fibrin. In the fibrin there appear num¬ 
erous very small oil-globules. In less degree this takes place mostlj r very soon 
after the excretion of the fibrin, and then is only to be seen by microscopic examina¬ 
tion. In higher degree it introduces resorption of the fibrin : the exudation becomes 
yellowish and grayish, brittle and greasy. Fatty metamorphosis for the most part 
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affects only the cells included within the fibrin. The fibrin CALCIFIES, becoming a 
fixed, continuous stone-like mass, or a kind of mortar, the exudation thereby becomes 
less, and assumes a whitish or yellowish color. 

The mode of resorption of fibrinous exudations is in detail still little 
known. The purely fibrinous portion of such exudations appears first to 
pass through a sort of liquefaction. The serum is simply resorbed as the 
resorbing vessels are again accessible, or are newly formed. 

In cases of pleuritic exudations the opportunity is sometimes had of convincing 
one’s self of their long duration, and of the trilling changes of the fibrinous portion 
of the exudations. In four such cases, which afforded a topsies, one to four 
years after the beginning of the exudation, I saw the fibrinous masses attached to 
the thickened costal pleura, still thick and little changed microscopically. The 
microscope showed only fatty metamorphosis of the cells'within the fibrin, which 
itself had not suffered any essential change. 

A so-called ORGANIZATION of the fibrin, i.e ., a transformation of it into vascular 
connective tissue does not occur. Formerly fibrinous and ‘’plastic” exudations 
were held to be identical, from which were developed pseudo-membranes, hyper¬ 
trophy of the connective tissue of organs, cicatricial tissue, etc Where fibrinous 
exudation and new-formed vascular connective tissue happen together, the latter 
had its origin from the original tissues and grew into the latter. 

Purulent exudation occurs either in a pure state, or is mixed in 
varying proportions with the other exudations. Pus is its essential 
ingredient. 

Pus in a pure and fresh state is a creamy, yellowish liquid without 
odor, or with a somewhat sweetish smell, and with an alkaline reaction. It 
consists of pus-serum and pus-corpuscles. 

Pus-serum is a clear, pale or light-yellow liquid with alkaline reaction. 
It is coagulated by boiling. Its essential ingredients are water, albumen 
(1-4 per cent.), fibrinoplastic substance, salts like those of blood-serum and 
extractive matters. In pus, which has suffered change, are found casein, 
mucin, pyin, etc. Sometimes serum is almost entirely absent in fresh pus. 

Pus-corpuscles (pus-cells) resemble the colorless blood-corpuscles. 

Pus-corpuscles are round, granular, about 0.01 mm. in diameter, not infrequently 
smaller or larger, contractile and movable. Their so-called membrane is smooth or 
uniformly mammilated. Their contents are uniformly granular, and possess little 
or no transparency. After the addition of various substances, there appears a single, 
double or triple, or even a manifold nucleus, commonly without nucleolus; the 
nuclei vary according to their number in size, are round or oval, sharply defined, bright, 
sometimes showing a central depression. Under the action of common or distilled 
water, or very thin liquids (e.g ., urine), very dilute acids, etc., pus-corpuscles 
enlarge, their membranes becomes smooth, their contents in consequence of the 
absorption of water transparent, their nuclei prominent, many at la-t burst; in 
many the nucleus also swells up. By acetic acid, and dilute mineral acids the mem¬ 
brane and contents become so transparent that only the nuclei remain visible ; the 
latter have a sharper contour and are smaller By solutions of neutral alkaline salts 
pus-corpuscles are made to shrivel together and lose their sharp contour. By caustic 
alkalies, bile, solutions of glyco- and tauro-cholate of soda, they are destroyed. 

According to Huizinga {Med. Centr., 1808, No. 4), pus-cells (from a frog's eye 
which had been inflamed by cauterization by nitrate of silver) instantly become 
globular by carbonic acid and ammonia, and lose all contractility. 

Besides the common pus-corpuscles, there are sometimes also found those which 
are twice as large, and sometimes contain only one or few, sometimes very many 
nuclei. It is doubtful whether they represent a simple hypertrophy (Bizzozero), 
or whether they owe their origin to a coalition of two colorless blood-corpuscles 
(Axel Key). 

Not infrequently pus stinks, without being in a high degree corrupt, from the 
sulphuretted hydrogen, which is formed out of the protein compounds of pus. 
Bone-pus sometimes smells because of phosphuretted hydrogen. In localities on 
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the skin supplied with numerous sebaceous glands, the smell of pus reminds one of 
butyric acid. Pus commonly stinks worst, when it has had its origin near the intes¬ 
tinal canal and there has stagnated a long time, as in abscesses of the abdominal 
muscles, circumscribed suppurative peritonitis: due in each case to a diffusion of 
intestinal gases. 

Concerning the chemical composition of pus, consult Miescher ( Med.-cJiem. 
Unters ., 1871, 4. IT., p. 441), and Hoppe-Seyler (Id., p. 486). According to 
Matiiieu ( Gaz. hebd., 1871, 14. July and 1872, No. 21), O. is entirely or almost en¬ 
tirely wanting in pus, while H, N. and CO , are present. II also is rarely found. N 
is present in small quantity, CCL always in large quantity (27-109 vol. %). 

Specific pus, so-called (syphilitic pus, small-pox pus, pus of glanders), 
is not distinguished histologically and chemically from common pus (vide 
Pyaemia). 

Besides pus-corpuscles, pus contains almost invariably free nuclei, some red 
blood-corpuscles, sometimes also accidental admixtures, as epithelium, 
connective tissue remains, crystals of the triple phosphates, infusoria, etc. 

Sometimes pus is not yellow-colored, but has a reddish, bluish, or green 
color. 

The causes of the many peculiar colors of pus are known only in part. A 
yellowish-red or reddish coloring depends almost always upon the blood, rarely upon 
crystals of hannatoidin. The blue (and the rarer green) pus depends, according 
to Msry, Kkembs, Lucre, and others on a vibrio. Tnis is probably brought 
with the dressings into contact with suppurating or moist wounds, and by the 
warmth of the body,' moisture and albuminous nutriment, they increase so greatly 
that the dressings are colored blue by it. Besides, pus is never blue, but always the 
dressings saturated with pus-serum, often also the epidermis. Ciialvet has ob¬ 
served, and Lucre has experimentally demonstrated, that wounds in the neighbor¬ 
hood may become infected from those sick with wounds which secrete blue pus. 
The blue color can be separated in crystalline form, pyo-cyanin (Fordos and 
Lucre). As pyo-cyanin appears sometimes blue, sometimes green, so the color 
changes also on the compresses, sometimes in the same individual, and in the trails 
porting substances green may come from the blue, and vice versa. A thick creamy 
pus and excessive secretion of it offer an unfavorable soil for the development of 
vibrios. The progress of disease as such has no influence upon the development of 
vibrios, and their presence has as little upon the process of healing (Lucre, Arch. f. 
Min. Chir., III., p. 135).—Many cases of blue pus depend upon the excretion of 
vivianite (II. Sciiiff). 

The relation of pus to the tissues varies. Either pus is found on the 
surface of the skin, mucous membranes, inclusive of the gland-ducts 
(blenorrhoea, pyorrhoea), serous membranes (empyema): epithelial, sec¬ 
retory, or superficial suppuration; or it lies in the interior of mem¬ 
branous or parenchymatous organs: parenchymatous or deep suppuration. 

If the pus is on the surface of organs, the corresponding membranes, etc. ; 
beneath, are, to the naked eye, either normal, without loss of substance, etc., 
or they show small and the least superficial losses of substance—affecting 
the epithelium—often recognizable only by attentive observation, or with 
the lens: erosions; or they form an ulcer, i.e., a deeper loss of substance, 
not only affecting the epithelium, but even extending into the tissue of the 
affected membrane, a solution of continuity, which heals sometimes 
quickly, sometimes from local or general causes more slowly, or, indeed, not 
at all, and is the source of a continuous formation of pus. Individually, 
ulcers are of very different character: first, with respect to their form, 
(round, etc., superficial or deep); then with respect to the character of the 
base and its secretion (serum, pus, ichor, etc.), then with respect to that of 
the edges (soft, hard, callous, undermined, etc.), and of the neighboring 
tissues (normal, inflamed, pigmented, etc.) If the ulcer is sinuous it forms, 
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for example, a communication between the skin externally, or a mucous 
membrane on the one hand, and a deep-lying organ on the other hand, and 
is called a fistula in the broader sense, or fistulous ulcer. A fistula, in 
the narrower sense, is a communication between the skin or mucous mem¬ 
brane and a gland or gland-duct, and gives passage to a part of the glandu¬ 
lar secretion. 

if the pus lies in the interior of membranous or parenchymatous organs, 
it assumes either the form of an abscess ( cibscessns , apostemci ), i.e., it is 
deposited into a sharply defined, new-formed cavities of varying size, which 
•are more rarely located in epithelia (epithelial abscess), oftener in other 
kinds of tissue (common abscesses). In the locality of the abscess the 
affected parts of the parenchyma (fibres of all kinds, glandular cells, bone- 
substance, etc.) for the most part disappear, to a small extent are pushed to 
one side. Or the pus takes the form of an infiltration, of a diffuse 
abscess, i.e., the ingredients of pus lie between the connective elements 
(purulent infiltration, suppurative inflammation, with a greater proportion of 
serum, purulent oedema). The connective elements are thereby at first only 
pressed together. But if the pus is not soon removed they soften and dis¬ 
appear in different ways in different tissues: suppurative liquefaction. 
Especially distinct is this in transversely striated muscles, in the liver, 
brain. Purulent infiltration is the first step of abscess. 

In the tissue around the purulent infiltration and most fresh abscesses 
there is found a collateral hypersemia and oedema, .which latter some¬ 
times consists in a tenser filling of the lymphatics. The tissues around 
older abscesses, as well as all chronic ulcers, exhibits an induration 
of tissue : inflammatory induration. This happens when the vessels are 
hypenemic, and the connective tissue corpuscles increase or are filled with 
albuminous masses. The surrounding tissues can finally, in the whole cir¬ 
cuit or only here and there, pass into suppuration : the latter then results 
in the opening or perforation of the abscess. 

Metastastic ABSCESSES are distinguished from common abscesses, especially by 
their origin. The former are found especially in the lungs, liver, spleen, kidneys. 
They occur usually in greater number, are mostly at the periphery, and oftener have 
a wedge-shaped than a round form (see p. 20(3). 

Abscess from Congestion, or wandering abscess, arises when a common abscess 
spreads out in one direction on account of the too great resistance of the surrounding 
structures, where the surrounding parts are looser, more easily separated from one 
another, and brought into a state of inflammation : e.g.. under fasciae, periosteum. 
Soltmann (Med. Ctrlbl.. 1872, No. 42) has more accurately followed the first steps 
of congestive abscess on the basis of anatomical experiment. Consult also KdNiG 
(Arch. d. Ileilk. , 1870, XI., p. 221); Billroth (Ueb. d. Verbreitungmege d. entzdndl. 
Proc. In Volkm. Samml. klin. Vortr. , 1870, No. 4), and Henke (lInters . d. Ambrei- 
tuwg des Bindegewebes mittelst kunstlicher Infiltration , 1872). 

Pus sometimes occurs pure, sometimes mixed with serous liquid (sero- 
purulent exudation), with mucus (catarrh of mucous membranes, blennoi’- 
rhcea, pyorrhoea), with fibrinous exudation (purulo-fibrinous exudation), 
with blood, etc. 

The origin of pus is accurately known for certain localities by experi¬ 
mental investigations. Pus-serum is the exuded liquor of the blood : 

SEROUS EXUDATION. THE PUS-CORPUSCLES ARE ALL, OR BY FAR THE GREATEST 
portion of them, in vascular as well as in non-vascular tissues, migrated 
WHITE BLOOD-CORPUSCLES ; A SMALL PORTION HAVE PERHAPS A DIFFERENT 

origin. Until now the following modes of origin have been in part observed 
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on the living animal, in part inferred as a matter of probability, from ex¬ 
amination of dead tissues: division of pre-existing cell-forms (epithelium, 
connective tissue, corneal and muscle corpuscles), div ision of wandering cells, 
and of pus-corpuscles themselves ; endogenous cell-formation, by the common 
mode with division of the nucleus (in cartilage-cells) as well as especially 
by the free mode, i.e., without division of the nucleus (particularly in epi¬ 
thelium) ; metamorphosis of fixed spindle-shaped or radiate connective 
tissue and analogous corpuscles into movable or wandering cells. 

Observations upon dead, fresh or hardened preparations, with respect 
to the question of the origin of pus, become of value only with more* 
fixed regard to experimento-pathological results. With respect to the 
migration of colorless corpuscles from out of the veins and capillaries, those 
preparations speak in favor of it, which in the immediate vicinity of those 
vessels show bordering rows of pus-corpuscles, as in many acute inflamma¬ 
tions of the skin (variola), in suppurative meningitis; also those in which 
those vessels are distended with white blood-corpuscles, iike those in many 
granulations. With respect to the other mode of origin, there are results 
which have been reached in acute catarrhs of the mucous membranes and 
in recent inflammations of serous membranes, and which indicate that pus- 
corpuscles have their origin within, or out of epi- or endothelium. 

Remak ( Virch. Arch ., XX., p. 198) first found an endogenous origin of pus-cor¬ 
puscles in the epithelium of the urinary bladder. Bunn (Jb., XVI., p. 168; XXI., 
p. 480) saw the same in the epithelium of the lungs and bile-ducts. Rindkleiscii 
(lb., XXI., p. 486) places the origin of pus-corpuscles in artificial catarrh in animals 
nnd in man in the epithelium or sub-epithelial connective tissue. BdTTCiiER (lb., 
XXXVIII., p. 428) observed endogenous formation of pus-corpuscles in the gums. 
E berth (lb., XXI., p. 106) saw the same. But all these results can be explained also 
in other ways. The epithelial suppuration discovered by Eimer ( Virch. Arch., 
XXXVIII., p. 428) in the intestinal canal, was later by himself prououuced t > be a 
development of psorosperms. According to Volk.mann and Stkudk'NHR ( Med . Gentr ., 
1868, No. IT, and Arch, f micr. Anal., IV., p. 188), the appearance of an endogenous 
cell-formation in cancers and during suppuration may also have its origin in that 
smaller cells (in suppuration. e.g., the migrated colorless blood-corpuscles) are pressed 
into larger ones, and are completely inclosed within them. Heller (Erlang. 
Silzgsbet'.. May, 1872) also has shown that in intense catarrh of mucous membranes 
there is an increase of the physiological production of epithelial elements, and that 
a part of these formations, without farther development, may be mixed with the 
secretion being discharged. These also may exist as transition forms between epi- 
thelium and pus-corpuscles. See also Bizzozero's observations on the anterior 
chamber of the eye (1. c., p. 825). 

The white blood-corpuscles in many localities besides passing through the 
walls of the veins and capillaries, pass through a, second membrane essen¬ 
tially different in structure; in the trachea and bronchi in catarrhal and 
croupous inflammations the, at least in the former locality, thick basement 
membrane; in the kidneys, the wall of the urinary tubules; in the cornea, in 
many forms of pannus the anterior layer. 

Observations of Rindfleisch, Iwanoff, A. Key. 

The causes of suppuration are those of inflammation chiefly, as soon as 
these reac'.i a high grade. In external parts the causes are especially wounds, 
in which are foreign bodies of more or less irritating character. Suppura¬ 
tion occurs very easily in some internal organs (mucous membranes, serous 
membranes, lungs), more rarely in others (muscles, bones), or very rarely 
(thyroid gland). 
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Metamorphoses of pus appear, if it is not removed from the body, 
naturally or artificially, immediately after its formation. They affect the 
corpuscles as well as the serum. They are of importance with respect to 
the future of the pus itself, of the affected tissues, and sometimes of the 
whole organism. 

Resorption of pus, and of the serum directly, of the corpuscles perhaps 
by migration again into the lymphatics, but mostly after previous fatty 
metamorphosis, occurs in a greater or less degree as well in pus of the 
natural cavities of the body as in that infiltrated, and in abscesses. 

Evacuation of pus takes place upon the external surface, upon mucous 
membranes, through normal orifices, out of internal organs after previous 
communication with those parts. 

Inspissation, or cheesy metamorphosis of pus, by resorption of the 
serum and simple atrophy, sometimes also at the same time by fatty meta¬ 
morphosis, or partly by calcification of the pus-corpuscles, is found espe¬ 
cially in deposits of pus in natural cavities communicating or not with the 
surface of the body, and in abscesses. Thereby pus becomes changed into 
a thick, more or less dry, even cheesy, grayish-yellow mass, which bears the 
closest similarity to yellow tubercle. Therefore this transformation is also 
called tuberculization of pus. Many tubercles, so-called (e.g. of the 
lungs, lymphatic glands, bones, etc.), are nothing more than deposits of pus 
thus transformed. The causes of this change lie partly in local, partly in 
general conditions. The former are found especially in the fine bronchi, and 
in osseous tissue; the latter in man with the so-called tuberculous habit. 
In rabbits cheesy transformation of pus is a regular process. 

Cheesy foci are, according to Billrotit, sometimes present from the beginning. 
They arise iu an accumulation of new-formed cells without liquid inter-cellular sub¬ 
stance, the latter in consequence of less vascularization. B. calls the process k ‘ non vas¬ 
cular or dry necrosis.” Something similar is seen in the rabbit after the passage 
subcutaneously of a seton; after a few days there is found around the seton, not 
common pus, bub a yellow, cheesy mass. 

Calcification of pus occurs rarely in large deposits of pus, or only in a 
part of them, and is the origin of concretions varying in hardness to that 
of a stone. 

Mucous metamorphosis of pus, especially of pys-corpuscles, occurs in 
many large and small pus-cavities, in pus of the alveoli of the lungs (in 
pneumonia), etc. 

Ichorous transformation, or putrefaction of pus, consists in its change 
into a sometimes pale, sometimes (by luemorrhage) brownish, thin liquid, 
ichor, which has a bad smell, and corrodes normal and pathological struc¬ 
tures. Under the microscope pus-corpuscles are seen in very small quan¬ 
tity, are even almost wanting, their granular condition is gone, their nuclei 
are distinct. Besides, there are found flattened, fatty, and simply atrophic 
pus-corpuscles. 

Croupous exudation, on account of its similarity with fibrinous exuda¬ 
tion, is in many ways confounded with it, but from its nature and origin is 
entirely distinct from it. 

Croupous exudation is found almost only upon superficial organs, which 
are covered by a true, mostly laminated epithelium; upon mucous mem¬ 
branes (oftenest on the tonsils, gums, throat, air-passages, more rarely in 
other parts), in a modified way also under the horny layer of the skin. It 
sometimes occurs pure, sometimes in transitions into mucous or purulent 
exudation. On the mucous membranes mentioned it forms either a sub- 
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stance extended over larger surfaces, and, with respect to its form, flat, 
tubular, or cylindrical, grayish-white, homogeneous or reticulated, little 
transparent, elastic and similar to freshly coagulated fibrin; which sub¬ 
stance at first adheres quite firmly to the subjacent layer: croupous mem¬ 
brane ; or, larger or smaller, isolated, similarly constituted spots : deposits. 
After a little time the exudation (membrane as well as deposit) is colored 
somewhat darker (more yellowish or dirty), and becomes less elastic and 
loses its connection with the subjacent layer. The latter, the affected 
mucous membrane, etc., is at first intensely hypersemic and uniformly 
swollen. After spontaneous separation of the croup-membrane the hyper- 
jemia disappears; if in the meanwhile death does not supervene, the 
mucous membrane is completely restored to its normal state. 

Microscopic examination of the croup-membrane reveals a light, homo¬ 
geneous, bright, 0.02—0.002 mm. thick, net-work, the rounded spaces of 
which contain mostly serum, or pus-corpuscles, or free nuclei, sometimes 
single epithelial cells, in many cases also red blood-corpuscles. The upper 
(free) layer of the net-work is a laminated epithelium, at first covered by 
the uppermost layer of cells; later, this layer disappears, so that the net¬ 
work is naked or covered by various forms of fungus. The lower surface 
of the network (toward the mucous or cutaneous tissues, etc.) limits the 
lowest layer of the (unchanged) epithelium, or lies immediately upon the 
surface of the hyperamiic cellular infiltrated or non infiltrated mucous 
membrane, etc. The net-work itself shows a remarkably great resistance to 
heat and all chemical reagents. 

The net-work of croup-membrane occupies the place of the epithelium, 
and has its origin in a peculiar metamorphosis of that epithelium. While 
the epithelium in common epithelial suppuration is quickly ruined by 
softening, etc., here it is transformed into peculiarly broken masses, the 
remains of which are not filled by cells or liquid like the other resistant 
net-work which resembles coagulated fibrin. 

Croupous metamorphosis, so-called, of epithelium begins with a general 
enlargement of the cells, which depends upon an increase of the proto¬ 
plasm. Therein arise many points, up to 0.01 mm. in size, for the most part 
sharply defined from the beginning, round or oval, at first in the periphery, 
later at the centre of the cells. Between these the cell-substance becomes 
darker, brighter, and presents a porous or indented appearance, dependent 
on the number and arrangement of those points: at the same time it be¬ 
comes strikingly resistant. Besides, during the gradual disappearance of 
the nucleus similar new points ai'ise, whereby the whole cell assumes an 
appearance still more porous. The points in the beginning are still sur¬ 
rounded, here and there, by thicker or thinner protoplasmic layers, until 
the latter entirely disappear, and the cells become pierced by a great num¬ 
ber of pores and are toothed at the periphery. These projections are fused 
with the neighbox-iug cells, but can be again isolated by artificial means. The 
round cells often appear einpt}^; oftener, however, they contain a nucleus 
or a pus-corpuscle whose origin is still a matter in question : probably the 
latter are immigrated colorless blood-corpuscles. Besides epithelia thus 
changed, are always found those which contain either only one pus-cor 
puscle, or many such in one round or oval cavity—six and more. 

The microscopic processes here just described are best demonstrated by placing fresh 
membranes into Muller’s fluid, whereby they finally break up into the original 
porous masses, of which each corresponds to an epithelial cell. Information is some¬ 
times furnished also by sufficiently fine sections which at the same time include the 
border of the croupous deposit and the normal surrounding tissue. 
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The above view of the author has been met by many doubts. Nassiloff ( Yirch. 
Arch. , L., p. 550) explains the peculiar changes of form of the epithelium by the fact, 
that the cells have become contractile in the same manner as this happens in corneal 
epithelium from irritation (Recklinghausen, Hoffmann, Stkickek). In another 
place X. declares the fibres of the net-work to be fibrin. 

According to Oertel (1). A.f. kl. Med ., 1871, VIII., p. 24.2), the peculiar cells of 
the croupous membrane have their origin through coagulation of the hyaline mov¬ 
able protoplasm. The latter has its origin in the fluid contents of the epithelial 
cells; the membrane is not concerned in it; the nucleus often shows processes of 
division. On another point, O. believes that most of the peculiarly formed epithelial 
remains have their origin in vegetation-processes of fungi, which have drawn from 
them a part of their nourishment. 

Consult further the adverse views of Boldykew ( Arch f. An at., Phys., u. s. ic., 
1872, p. 75) and Steudener ( Virch . Arch., 1872, LIV., p. 500). Both regard the 
net-work analogous to the fibrinous net-work of inflamed serous membranes.(?) 

Ckoupous-diphtiieritic exudation occurs in the same localities, as pure 
croupous exudation, oftenest on the soft palate and tonsils. The surface 
of the affected mucous membrane shows sometimes the same connected 
membrane, as in croupous exudation; sometimes only the deposits are 
found. The tissue of the mucous membrane itself, however, not infre¬ 
quently also the sub-mucous and even still deeper tissues (muscle-fibres), 
are from the beginning much more intensely hyper.emic and more swol- 
len. After a few days the hypersemia disappears, the parts are now so 
closely occupied by pus-corpuscles and free nuclei, here and there also by 
extravasated blood, that they appear thickened, bloodless and uniformly 
gray or grayish-yellow or brownish-red; and in the higher grades of 
the disorder a return to the normal state never happens, but instead a 
gangrenous throwing off of the infiltrated parts. 

Between the croupous and croupous-diphtheritic exudations there is every 
possible transition, whilst sometimes the epithelial change, sometimes the 
infiltration of mucous membrane, preponderates. The severer forms of the 
latter form the pure diphtheritic exudation of authors. 

Diphtheritic exudation is, according to the old view, a common fibrinous exu¬ 
dation, which is not deposited, or only in part, upon the free surface of the inflamed 
part, but altogether or in great part within its tissue, and on this account is followed 
by a compression of the vessels and gangrenous death of the tissue. According to 
Virchow ( Hdh. d. Path., I., p. 292 ; Deutsche Klin., 18(54, No. 4), there is no exuda¬ 
tion, but the tissue-elements, especially the cells, are found to be quickly filled with 
a cloudy substance and to be destroyed by fatty metamorphosis: according to this 
the principal thing is necrobiosis. 

According to BunL (1. c.), diphtheritic exudation (diphtheritis, diphtheria, acute 
necrosis, etc.) has its origin in a “ fibrin-like connective tissue growth ” of such high 
grade, upon free surfaces as well as in parenchymata, that compression of the new- 
formed and old vessels, anaemia, and finally destruction of the new-formed and old 
tissue, result. Through abundant appearance of molecules into the cells and fluid 
parenchyma it becomes cloudy and yellow, dry and brittle. If the crusted mass be 
taken off, there will be left a loss of substance or an ulcer, which affects only the 
pseudo-membrane, or at the same time also the subjacent membrane. If the crust 
be confined to the pseudo-membrane only, there will go on under it an active regen¬ 
eration of the epithelium, which results in a removal of the crust. If encrusted 
pseudo-membrane remains in connection with the part affected, it becomes cheesy 
and then represents a form of yellow tubercle: this is resorbed, or it crumbles off 
and leaves a loss of substance. If the crust also reaches into the skin hing under 
the pseudo-membrane, the skin degenerates or there results, after falling off of the 
crust, a loss of substance, which may be regenerated out of the connective tissue. 
In a later work BuilL regards “diphtheritic infiltration” as consisting of cells analo¬ 
gous to the colorless blood-corpuscles, but especially of free nuclei. Like all others, 
he places the greatest stress upon the number of nuclei and upon the resulting 
anaemia and necrosis. He shows, besides, the analogy of the diphtheritic infiltration 
with the infiltrations of other infectious diseases, e.g. , of indurated chancre, tuber- 
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culous infiltration, epidemic cerebro-spinal meningitis, etc. He regards diphtheritic 
as a general disease, and proposes therefor the name “ acute tissue-necrosis;” he pro¬ 
poses this as opposed to inflammatory, typhous, scarlatinous, tuberculous, etc., tissue- 
necrosis. Croup and diphtheritis B. regards as widely distinct. 

Oertel (1. c.) found in diphtheritis the often great, nuclear infiltration, not only 
in the diphtheritic mucous membrane, but in almost all organs, as, e.g.. in the lungs, 
in the connective tissue of the muscles, in the kidneys, stomach, vessel-walls, nerve- 
sheaths, cerebral and spinal meninges, even in the gray substance of the spinal cord. 

The relation of the croupous and of the croupous-diphtheritic or of the 
pure diphtheritic exudation to one another probably varies in different 
localities and different times. It possesses the greatest interest in diphthe¬ 
ritis of the throat and laryngeal croup. In the lighter forms of pharyngeal 
diphtheritis occurring here (in Leipsic) there is found a croup-membrane of 
the affected mucous membrane, after the falling off of which the hyperaemic 
mucous membrane itself is uninjured, and the epithelium is quickly regene¬ 
rated. In severer cases either the same croup-membrane of the palate 
(tonsils, palate-arches, uvula, etc.) is present, but the danger depends upon 
its extension into the larynx. Or, on the parts mentioned of the palate 
there is found beneath the croup-membrane a dense cellular and nuclear in¬ 
filtration, which in rare cases becomes dangerous from gangrene. 

In the greater number of fatal cases of laryngeal croup, diphtheritic exudation is 
found on the soft palate; croupous exudation in the larynx, trachea and large 
bronchi; catarrhal, i.e., muco-purulent exudation in the fine bronchi, especially of 
the lower lobes. 

A combination of epithelial suppuration with diphtheritis, I found, oftenest in the 
oesophagus, in two different forms : either in parts of its superficial mucous mem¬ 
brane pus is found in most of the epithelium, while the remainder shows the croupy 
metamorphosis ; or pus-formation is shown in sharply circumscribed portions of the 
epithelium, while other in sharply circumscribed portions show croupous metamor¬ 
phosis (1 c. p. 457). 

The relations of croupous and of diphtheritic exudations to the whole 
organism vary notwithstanding numerous histological analogies. Pure 
croupous exudation has an especial local action which in certain localities 
(larynx) is often fatal in children from purely mechanical causes. The 
lymphatic glands belonging to the affected mucous membrane are only little 
swollen. Pure diphtheritic exudation is associated with a severe, for the 
most part febrile general disturbance, related in the same manner as are 
the eruption on the skin and the constitutional symptoms in acute exanthe¬ 
mata, whilst others regard the general disturbance as consequences of the 
local pharyngeal diphtheritis. The lymphatic glands concerned swell in a 
short time and usually to a great degree. In severer cases of pharyngeal 
diphtheritis there are not infrequently found albuminuria, and hemorrhages 
in various parts of the body ; and therewith fever of varying intensity, etc. 
Between these two forms there occur manifold transitions. 

The numerous clinical, histological, and experimental works which for years past 
have made up our literature, have upon all these practically so important questions 
land treatment) furnished very little information. Practitioners are in part, unable 
to distinguish many common inflammations of the throat and pharyngeal diphthe¬ 
ritis. Also many histological works are on similar grounds useless. Experimenters 
have not taken the trouble to investigate with accuracy, whether the diseases called 
forth by them in animals agree with those in man. Add to this, that in the same 
place at different times, still more in different places, there appear very different 
cases especially of pharyngeal diphtheritis. Croupous metamorphosis probably 
occurs only in the above described croupous deposits and croup-membrane. Many 
other croupous exudations, so-called, as of the intestinal canal, urinary bladder, etc., 
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are of a purely fibrinous nature. Still other croupous exudations, as of the intes¬ 
tine in dysentery, of the uterine mucous membrane in many croupous and diphthe¬ 
ritic forms of endometritis of the puerperal state are dependent upon compact cell 
and granular deposits into the tissue of the mucous membrane itself. The origin of 
croupous exudations of the bronchi in chronic croupous or fibrinous bronchitis, in 
croupous pneumonia, etc., is not yet sufficiently well established. 

The word “diphtheritis” or ‘‘diphtheria,” first introduced by Bretonneau, is 
used in very different senses: sometimes etymologically (membranous), histologically 
(fibrino-puruJo-haamorrhagic infiltration); sometimes symptomatically ( gray-yellowish 
deposits upon or within the mucous membrane); sometimes clinically; sometimes 
epidemiologically; sometimes, finally, in a mixed sense. Most general is the bad 
habit of calling every inflammation of the throat with hypenemia and yellowish spots 
diphtheritis, as well as applying the term diphtheritis to affections altogether different 
histologically. It is also hardly an advantage to call, with Bretonneau, the known 
specific throat affection “ diphtheria,” and then again to apply to the yellowish de¬ 
posits upon or within the mucous membranes, etc., the word diphtheritis. — Consult 
Virchow {Arch., 1847, I., p. 253), Bretonneau (Arch, yen., 1855), the Author 
(l.c.), Hoser (Arch. cl. lie ilk., 1869, X , p. 103), Senator (Virch. Arch., 1872, LVI.). 

Croupous and diphtheritic exudations are primary and secondary. The 
above views concern especially the primary of these forms of exudations. 
Secondary exudations are found in the same localities, besides in the mucous 
membrane of the oesophagus, vagina, urinary bladder, gall-bladder, perhaps 
also of the stomach, intestinal canal, etc. 

The question concerning the identity of the diphtheritis of wounds 
and that of the throat, and of other mucous membranes, is still open. 
External appearances, course, origin, and microscopical examination differ 
in many respects in the two affections. Inoculations furnish sometimes 
positive, sometimes negative results. 

Recklinghausen (Virch. Arch., L., p. 552) inoculated fresh necrotic material 
from a patient with hospital gangrene into the cornea of a rabbit, and thereby pro¬ 
duced a diphtheritic keratitis. Nassiloff (lb. ) obtained negative results. Accord¬ 
ing to Heiberg ( Virch. Arch., 1872, LV., p. 257), croup and diphtheritis of wounds 
is a coagulation of pus, and a necrosis; hospital gangrene is a serpiginous necrosis. 
Consult, on the opposite side, Eberth. 

In late years the occurrence of fungi in diphtheritic exudations has 
been almost constantly observed. The kind of fungus even is not yet well es¬ 
tablished. Besides, there still arise differences of opinion concerning whether 
the fungus is only accidentally present, or whether it is the essential cause of 
the local and general disease not infrequently connected with it: the former 
appears to be the case from investigations on man, the latter from the nume¬ 
rous experiments by inoculation on animals. In man, fungi (micrococcus, 
vibrio, leptothrix) occur constantly in the uppermost layers of laminated 
epithelium. They are found mostly as masses of globular baeteria, regu¬ 
larly also in the uppermost layers of not quite fresh croupous and diphthe¬ 
ritic deposits. 

According to Buhl (Z. f. Biol., 1868. III., p. 341), a fungus constantly occurs in 
diphtheria, which grows through the epithelial layer of the mucous membrane. B. 
leaves undecided whether the fungus is peculiar and necessary to diphtheria, or 
whether it is accidental—the leptothrix bneealis. 

According to Xassii.off (1. c.). development of fungus is primary in diphtheritis, 
and is the cause of necrosis. Diphtheritic membranes contain fungi constantly ; the 
latter appear on the borders of the changed parts in the epithelium, even where 
no membrane is yet formed; they penetrate deeply into the tissue, following the 
passages of the juices and lymphatics. According to N., the form of the meshes of 
the net-work changes with the nearer approach to the free surface of the diphtheritic 
membrane. The former, and the pus-corpuscles lying in it, contract, and on the 
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surface the latter corpuscles disappear almost entirely. The brightness also of the 
fibres disappears, between them the meshes become almost invisible, because they are 
filled with granular brownish masses (fungi). These masses increase always upon the 
surface to quite thick layers, whilst they form scattered fiat masses or sharply defined 
spheres. From the surface of the membrane the fungi penetrate deeply in stria; and 
by degrees disappear; many of these fungus-globules, however, are found also in the 
lowest layers of the membrane. Fungi are found within the peculiarly formed epi¬ 
thelium, most abundantly in the nucleus and around it; they decrease toward the 
periphery, but occur also in the thick cell-processes. Nassii.off found on the mucous 
membrane of the nose and throat of a diphtheritic person a brown mass, consisting 
of fungi. Here and there, especially in the mucous and sub-mucous tissue of the 
larynx, in another case, the plasmatic canals of the connective tissue as well as the 
lymphatics were filled with fuugi. In the former case the vomer showed forms simi¬ 
lar to the lacuna; of Howship as well as Haversian canals, entirely filled with fungi 
They had also penetrated throughout the basis substance of the cartilage : the con¬ 
tours of the cartilage-cells were indistinct and finally disappeared entirely. 

Nassii.off (lb.) inoculated diphtheritic matter from the throat and larynx into the 
cornea of a rabbit. Already on the first da}' there appeared at the point of inocula¬ 
tion a clouding, and a reddening and purulent secretion of the conjunctiva. By 
microscopical examination of the cornea on the second or third day after inoculation 
the point of the operation and its vicinity was found to be gray or light brown: the 
plasmatic canals were filled in various degrees with fine fungus-masses, so that, in a 
few cases, between them only a small part of the surface was perceptible. Farther 
away in the neighborhood of this point the plasmatic canals were filled with pus-cor¬ 
puscles, the cornea here being pure white. N. found these fungus-masses and those 
from diphtheritic membranes in man microscopically and micro-chemically identical. 

Consult also LETZEKICH on exudation and pus-formation (croup and dipbtheritis) 
in the organs of respiration ( Virch. Arch., XLV., p. 327 u. s. w .) LIII., id. 493), and 
Classen (i&., LII., p. 200). 

According to Eberth (Zur Kenntn. der bacterit. Mykosen , 1872), in diphtheria, 
fungi settle first upon the epithelium of the corresponding mucous membranes, or 
upon the surfaces of wounds, and later pierce successively the deeper layers of epithe¬ 
lium, then the mucous membrane and the neighboring tissues, to the destruction 
even of firm parts, like bone and cartilage. The passages for this extension are 
especially the lymphatics and fissures in the tissue. From here the fungi pass through 
the walls even of the larger bloodvessels into the circulation, and are the cause 
partly of septicaemia, partly of capillary embolisms of the renal glomeruli, of the 
liver, etc., with secondary formation of abscesses. The character of diphtheria is 
most probably a mykosis; bacteria are the bearers of the contagion. 


Most inoculations of croupous and diphtheritic matter have been made 
with regard to the fungus character of the diseases in question. As it 
appears, the disease may be really induced through such inoculations into 
the corresponding organs. 


Trendelenburg {Arch. f. Min. Ghir ., 1809, X., p. 720) inoculated fifty-two 
animals, especially rabbits, mostly upen the trachea opened from without, into which 
he commonly introduced croup-membrane from men recently deal. In eleven cases 
(rabbits and doves) macroscopieally and microscopically characteristic croup-mem¬ 
branes were found about 25 mm. into the tissue about the wound; the mucous mem¬ 
brane had always undergone extensive purulent infiltration. When four equally large 
rabbits had been in the same manner inoculated with the same material, it frequently 
happened that one sickened with all the symptoms of croup, and after death showed 
distinct formation of membrane, while the second showed only ecchvmoses in the 
mucous membrane, the third was affected by only a severe catarrh, and the fourth 
retained a completely intact mucous membrane. The condition was the same, when 
pieces of membrane had been sewed into the tracheal wound so as to prevent its being 
coughed out. That the croupous inflammation of the trachea was not caused by the 
mechanical irritation of the piece of membrane brought in contact with it. was shown 
by twelve experiments, where only catarrh, not formation of membrane, resulted. 
After tracheotomy various materials were introduced into the trachea (charpie. skin, 
caoutchouc, writing-sand). This is demonstrated also in those cases where foreign 
bodies (pearls, plum-pits, pieces of money, etc.) have entered the human trachea: 
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among thirty-four cases collated by the author, there never resulted croup, but only 
high grade of suppuration, bronchitis, or pneumonia. 

Okrtel (Bayr. Int ., 1868, No. 81, and 1. c.), by numerous systematic inoculations, 
has demonstrated that the process, which is developed after inoculation of diphthe¬ 
ritic substances into the skin and tissues, is an altogether specific one. He does not 
assume therefrom that the diphtheritic affection of the throat and air-passages is a 
secondary localization of a process of infiltration generally distributed over the whole 
body. The diphtheritic contagium acts much more where it acts first, destructively 
on the locality where it is situated, and penetrates thence into the lymphatics and 
tissues, until it destroys life secondarily through general infection, if it does not 
sooner kill by suffocation. 

The artificial production of croupous exudations by other, especially 
chemical substances, is not yet certainly proven. 

Many cases which may here be considered, as by injection of ammonia into the 
trachea (Stricker-Reitz), resemble pure croup only on superficial examination. 
Sommerbrodt ( Virch. Arch., 1872, LV., p. 163) has, by immediately repeated in¬ 
jections of fresh blood and sol. liq. ferri sesquichlor., as well as of the latter alone, into 
the trachea of dogs, produced “ croupous pneumonia.” 

H.emorrhagic exudations 

Are those which contain red blood-corpuscles in great quantity, for the 
most part in so great abundance that the color of the exudation thereby 
becomes a darker or lighter red. Therein the red blood-corpuscles are 
found either as almost the only element, or with a small quantity of serum, 
and with very few white blood-corpuscles: pure haemorrhagic exudation. 
Or, besides the red blood-corpuscles, these exudations contain serum (sero- 
HaEMORkhagic exudations), or mucus (muco-h.emorrhagic exudations), or 
fibrin (fibrino-HaEMORRHAGIO exudations), or pus (purulo-h.emorriiagic 
exudations); or they are croupous-diphtheritic (croupo-h.emorriiagic exuda¬ 
tion),—in fact, all possible proportions can occur between the blood and 
the second element of the exudation. 

The causes of haemorrhagic exudations are not specially known. Their 
general causes lie at one time in the intensity of congestive hyperannia, 
introducing every acute inflammation ; at another time in special relations 
of structure of the inflamed organs, especially of those the capillaries of 
which are surrounded by a very soft and yielding tissue (the capillaries of 
the lungs and brain; the vessels of eroded and ulcerated parts of the skin 
and mucous membranes, the vessels in many inflamed parts chiefly); finally, 
in unknown conditions of the vessel-wall, or of the blood, or of the whole 
system (as in haemorrhagic measles, scai'latina, small-pox, scurvy, harnio- 
philia, etc.—see p. 215), perhaps also in peculiarities of epidemics. 

In haemorrhagic exudations either the exit of the red blood-corpuscles 
and of the other elements of the exudation (serum, pus-corpuscles, etc.) 
takes place at the same time (as probably in croupous pneumonia, haemor¬ 
rhagic small-pox, many acute inflammations of the brain and kidneys) ; or 
the bleeding follows only after previous exudations of other kinds. The 
exit of blood itself results in various cases, probably in different ways: 
sometimes with laceration of the vessel-wall (per rliexin ), sometimes without 
visible injury of the vessel (per diapesin —see p. 211). 

With our present knowledge of the structure of the vessels and inflammation, the 
latter mode of bleeding no longer appears unintelligible. Also the frequent or con¬ 
stant occurrence of red blood-corpuscles in many inflammations of the lungs (rusty 
sputa), of the brain (red inflammatory cerebral softening), of the mucous membrane 
of the intestines have been known a very long time. Many inflammatory diseases 
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may be exactly divided into those in which, besides blood-serum, the white corpuscles 
form the exudation; and into those, where, besides the former, red corpuscles form 
the exudation. So I find between the haemorrhagic or black, and between the common 
or yellow pustules of variola vera on the skin and mucous membranes no other 
distinction than that the former contain only red, the latter only white blood-cor¬ 
puscles within the cells of the rete Malpighii which have swollen up into large vesicles 
{Arch. d. Jleilk. , 1868, IX., p. 5051. Further, beneath the diphtheritic infiltrated 
mucous membrane of the throat appear croupous deposits, which in the spaces of the 
net work contain only red blood-corpuscles {lb., VII., p 481). 

Sometimes the red color of an exudation does not depend upon escaped blood, but 
upon the coloring matter of the blood which has oozed through the vessels, as in many 
hypostatic and in asthenic inflammations. 

See above concerning haemorrhagic exudations having their origin in hemorrhages 
from new-formed vessels. 

- New-formation of tissues is the third essential phenomenon of 

INFLAMMATION. 

New-formation of tissues is much less constant than hyperemia and 
exudation. It occurs especially after determined causes (wounds), in cer¬ 
tain localities (endothelium, epithelium—skin and serous membranes), in 
the course of many chronic inflammations, as well as in consequence of 
degenerative or destructive processes in inflammation of almost every 
kind. 

New-formed tissues resemble completely, or in essential points, normal 
tissues; or they deviate from them. In the former case the new-formation 
of tissue is represented as a regeneration of epithelium, connective tissue, 
osseous tissue, etc., or as cicatrices, as inflammatory hypertrophy or indura¬ 
tion, or as pseudo-membrane. New-formed tissues themselves are oftenest 
epithelium of every kind, and glandular cells, as well as endothelium ; also 
frequently (and in most all parts) connective tissue with vessels or (near 
the bones) osseous tissue; in some tissues, which consist of cytogenic sub¬ 
stance, it is the latter. In rarer cases there arise tubercle, carcinoma, and 
other heteroplastic new-formations. 

The new-formation of vascular connective and osseous tissue, that of 
epithelium, tubercle, cancer, etc., will be considered later. (Concern¬ 
ing desquamative inflammation vide infra.) But the formation of pseudo¬ 
membranes, which on serous, more rarely on synovial and mucous mem¬ 
branes, represent adhesive inflammation, is usually considered as inflam¬ 
matory, wherefore their consideration belongs here. 

In adhesive inflammations of serous and synovial membranes there 
quickly appears on those membranes a very vascular granulation-tissue. 
The new-formed vessels of the opposite wall of the serous membrane, etc., 
grow until they meet one another and blend. A part of the vessels recede 
while others become thicker-walled and wider. Simultaneously, connective 
tissue appears out of the granulation-tissue, which undergoes the common 
cicatricial contraction. Serous cavities and those of the joints are thus 
obliterated entirely or in part. The time within which a firm adhesion 
results is, from observations on man, and from experiments, two to three 
weeks. 

The fibrin-like connective-tissue growth of serous membranes, until now called 
fibrinous exudation ,is, according to Boil, the young growing connective tissue rising 
above the normal limits of those membranes. Perpendicular sections show : first, the 
swollen serous membrane provided with numerous granules; then follows a vascular 
layer, which consists of round or spindle-shaped cells, and of nuclei as well as of a 
distinctly fibrous or homogeneous intercellular substance; uppermost lies a non- 
vascular layer, poor in cells, consisting of homogeneous fibrin. Upon this, endothelial 
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cells are found here and there, which show fatty or mucous metamorphosis, or nuclear 
proliferation. The two lower layers pass gradually one into the other, while the 
uppermost is separated from them for the most part by an even or irregular line. 
The existence of vessels, which are connected with the normal vessels, has been 
demonstrated by Bum. even in fresh exudations by artificial injection of them. 
The vessels in the dead body are mostly empty, giving the fibrin-like appearance or 
this desmoid tissue. The uppermost layer, according to Bum., is like that l\ing 
under it, but without vessels, and with but few cells. 

Besides the desmoid fibrin the serum present is the peculiar exudation, and comes 
mostly from out of the new-formed vessels : so much the more as these vessels in part 
describe greater and greater excursions, are permeable, and therefore the blood- 
current in them is greatly retarded. From out of this serum, in many cases, fibrin 
separates through contact, e.g., with the air, and commonly floats loosely in the 
liquid. At other times the fibrinous coagula of the surface proceed from wounds, 
laceration of the vascular layer, and extravasation of fibrin. Most frequently the fibrin 
appears to be the product of the new-formed vessels themselves. 

HAEMORRHAGIC exudation of serous membranes proceeds usually from rupture of 
the uppermost extremities of the new-formed vessels of the desmoid fibrin. The 
blood penetrates partly the fibrinous exudation itself, partly flows over this into the 
serous transudation. If the vessels are torn at their base, which is very rare, they 
separate the fibrin by pieces. 

In mucous membranes the same growing together of opposite parts 
happens if the epithelium is destroyed, and the tissue of the mucous mem¬ 
brane is changed into vascular granulation-tissue. 

New-formation of connective tissue in parenchymata is represented by 
indurating inflammations, in which inter-acinous, inter-lobular, etc., connec¬ 
tive tissue increases in quantity, while the peculiar parenchymatous tissue 
remains at least normal in amount. If, in consequence of cicatricial con¬ 
traction of new-formed connective tissue, the parenchyma loses its vas¬ 
cular and glandular constituents, the organ grows smaller and at the same 
time becomes indurated; inflammatory indurative atrophy, cirrhosis, etc. 
Both conditions are most prominent and oftenest found in the liver and 
kidneys, less often in the mammae, salivary glands, lungs (chronic inter¬ 
stitial pneumonia). Their causes are sometimes unknown, and sometimes 
known, as, e.g ., the habitual use of alcohol as the cause of granular liver. 

Many of the new-formations mentioned appear at one time with inflammatory pheno¬ 
mena, at another time not, so that the same processes can be referred as well to chronic 
inflammation as to non-inflammatory connective tissue hypertrophies. Thus, many 
scleroses of the skin and mucous membranes, many pulmonary, hepatic and renal 
indurations, gray degeneration of the posterior columns of the spinal cord, etc. 

A new-formation of CYTOGENic tissue in consequence of inflammation, 
is not infrequently observed in the solitary follicles of the mucous mem¬ 
brane of the throat and intestines, in the tonsils and lymphatic glands. It 
affects sometimes only the purely cellular parts, sometimes at the same time 
also the delicate stroma, whereby lasting hypertrophies often result, some¬ 
times only the stroma and the common sheath-walls of connective tissue. 

Retrogression, or degeneration forms tiie last chief phenomenon 
of inflammation. 

Degenerative processes are present in ever}' inflammation. In the 
first rank are to be mentioned changes of the vessel-walls, which render pos¬ 
sible the passage through them of a more abundant liquid, which is often 
of a different nature, as well as of white, and not infrequently of red blood- 
corpuscles, without the microscope being as yet unable to discover any in¬ 
terruption of structure. The inflammatory changes of many other tissues 
are more exactly known. These changes are frequently so slight that the 
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tissues may, in spite of them, return again to the normal state. Sometimes, 
only or chiefly, they consist in changes of form : as in epithelial and in glan¬ 
dular cells which present the most manifold changes of form. Or, the changes 
are of chemical nature. These consist oftenest in albuminous infiltration, 
which, if not of too high grade, (probably also the slight degrees of serous 
infiltration and of fatty metamorphosis,) may revert entirely to the normal 
state. The endothelium, e.g., of the serous membranes, and the epithelium 
of various mucous membranes, the peculiar gland-cells present in every 
inflammation one or another of these changes. Mucous metamorphosis of 
various epithelia of mucous membranes is never absent in inflammation of 
them, but is distinguished in no essential point from those occurring nor¬ 
mally. Finally, catarrhal inflammations are here to be mentioned, where 
besides increased production of mucus and under slight suppuration the 
epithelium is either not destroyed at all, or not to its lowermost layer, and 
in the latter case it is quickly regenerated. 

At other times, however, the degenerative processes of inflammation are 
so intense that it is no longer possible for the tissues to recover their nor¬ 
mal state. These processes are the higher grades of albuminous and serous 
infiltration, of fatty and croupous metamorphosis, of mucous softening. 
They affect cells of every kind, especially epithelial and gland-cells, fibres, 
such as muscle and nerve-fibres, basement tissues, such as those of connec¬ 
tive tissue, cartilaginous and osseous tissue. The tissues affected are de¬ 
stroyed in consequence of such degeneration, and it depends further upon 
the kind and duration of the inflammation, upon the kind of tissue affected, 
upon the adjacent tissues, etc., whether the tissues can be regenerated, as 
is the case with most epithelia and endothelia, sometimes with muscle-fibres, 
osseous tissue, or whether a permanent defect is engendered, as in glandu¬ 
lar and nerve-tissue. Further, in this connection belong the recently 
directly observed transformation of persistent cells, e.g., connective-tissue 
corpuscles, corneal corpuscles, into movable cells, with their final destruc¬ 
tion, or with their increase, and transformation into pus-corpuscles. 

Degeneration in inflammation is most distinct in many epithelial tissues, 
inclusive of gland-substance, in adipose tissue, in the brain and spinal cord, 
in muscular, and in osseous tissue. Besides, it preponderates in many 
chronic inflammations where, besides a new formation of connective tissue, 
there is often present a destruction of the inclosed elements of glandular 
or nervous nature. 

In inflammation of the bones there is developed from the connective tissue of the 
external surface of the vessels, and from the granulation-tissue of the marrow, few or 
abundant pus-corpuscles: this tissue induces, through pressure on the one hand, 
through diminished blood supply on the other, a consumption of the bone-substance 
in form of regular or irregular lacunas. In place of bone-corpuscles are found pus- 
corpuscles, and with their increase the spaces in which the bone-cells lie increase in 
size; sometimes so that the corpuscles and processes become wider, sometimes, and 
for the most par.', round cavities, as if chiselled out, are present in place of the pre¬ 
vious bone-corpuscles. These cavities, first described by Howsnip, have their origin, 
according to Virchow, Forster, etc., in a disturbance of nutrition of the osseous 
frame-work acting upon the bone-corpuscles; according to Bili.kotii they are the 
results of the mechanical action of the granulation-tissue, and appear as in living 
bones, also in experimentally inclosed dead bones, and in pegs of ivory. The names 
more or less in use for these degenerative bone-inflammations are : rarefying ostitis, 
fungous ostitis, fungous caries, inflammatory osteoporosis. 

A number of degenerative inflammatory forms in soft parts, as well as in 
bones, pass with no sharp boundary into gangrene. Theoretically, both 
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processes are altogether different; but practically, manifold intermediate 
grades are observed, setiological, pathologico-anatomical, and clinical. 

In many places inflammation is attended with degenerative and neo-plas¬ 
tic processes in immediate connection with each other; as in atrophic in¬ 
crease of fat, in polynuclear bone-cells. 

SYMPTOMS OF INFLAMMATION. 

The four cardinal symptoms (redness, heat, swelling, pain) and disturb¬ 
ances of nutrition are demonstrable only in acute inflammations, most suc¬ 
cessfully in inflammations of the skin and subcutaneous cellular tissue, as 
well as of mucous membranes externally accessible, and of the membranes 
of the eye. In all other parts two or three of the symptoms named must 
suffice for the diagnosis. 

The redness of inflammation resembles in general the redness of conges¬ 
tive hyperannia, but is usually more intense and of longer duration. 

The swelling varies with the degree of hyperannia, with the kind and 
quantity of exudation, with the locality, with the kind of inflamed tissue or 
organ, so that a general representation of it is impossible. 

The pain is especially severe where the parts ai-e abundantly supplied 
with sensitive nerves, and where the inflamed part is prevented from ex¬ 
panding (inflammation of the tooth-pulp, suppuration under the nail, under 
the skin of the finger, under fascia, under periosteum; inflammation with 
sudden swelling of many glands). Many inflammations of the skin, and 
especially of mucous membranes, are attended by little pain, many are 
entirely painless. Those of serous membranes are in part very painful. 
The severity of the pain here in most cases stands in direct ratio to the 
intensity of the inflammation. The pain sometimes continues uninter¬ 
ruptedly, sometimes it is attended by exacerbations, and is irregularly, sel¬ 
dom regularly intermittent. It is of the most different quality, in exter¬ 
nal parts not infrequently beating and pulsating, at other times tense, 
burning, etc. 

Pain affects sometimes only the parts inflamed; sometimes it is present 
in the whole length of the nerve of the part (suppuration in the finger), 
sometimes it radiates to other branches of the same nerve (toothache to 
many branches of the trigeminus). Sometimes the cause of pain is not 
known: in inflammation of the testicle pain along the inner surface of the 
corresponding thigh; in inflammation of the hip-joint, pain in the knee; 
pain in the left shoulder in inflammation of the heart; in the right shoulder 
in inflammation of the liver. 

The pain of inflammation is explained by the conditions of pressure and 
tension, and probably by minute, but still unknown, changes at the ex¬ 
tremities of the nerves. 

The HEAT OF INFLAMMATION, LOCAL ELEVATION OF TEMPERATURE, is NOT 
infrequently only subjectively distinct: yet is it perceived by the sick 
for the most part only in inflammations of external parts, rarely in those 
of internal organs. But it is often present also objectively. Its degree 
is usually in proportion to the intensity of the inflammation. It is mostly 
continuous. Accurate tliermometric investigations have shown that the 
temperature of inflamed parts at the periphery is usually less than 

THAT OF THE INTERNAL PARTS OF THE BODY; ON THE OTHER HAND, IT IS CER¬ 
TAINLY HIGHER THAN THAT OF THE CORRESPONDING HEALTHY PART. The 

cause lies partly in the increased quantitv of blood in the inflamed organ, 
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partly perhaps in an increased transformation of its tissues. And yet there 
are also many contrary statements. 


< At the focus of inflammation, not only the temperature is actually raised objec¬ 
tively, but also its power of radiation has increased. That cold applications on 
inflamed parts very soon become warm, that with ice even the local heat is hardly 
lessened, is taught by daily experience. Hunter found the warmth in inflamed parts 
in animals and man generally not higher than in internal parts. Since more arterial 
blood flows into inflamed parts, and in fever a more heated blood, so parts of the 
skin which are accustomed to a cooler temperature are felt to be insufferably hot. 
Barensprung also demonstrated the radiation of heat, when he found that the 
thermometer mad an average rise of 1° in 0.7 minutes (as in fever), and that in 
inflammations of the skin during the first minute it rose to 8.0° (still more than in 
fever, where it amounted to0.9°). 

But if in the inflamed parts more heat is produced than during ordinary tissue- 
changes, so this increase may be slight and on this account hardly measurable; be¬ 
cause in a part pierced by so many channels with movable liquid, a temperature 
independent of that of the blood can hardly be retained, regardless of the greater 
cooling off toward the exterior. But Hunter really found in some cases, e.g. , in 
the tunica vaginalis of the testicle immediately after operation for hydrocele, the 
temperature of the tunic 33.3° C., on the following day 37.1°, a rise of almost 4 C C. 
BecquereIj and Bresciiet also found, by means of thermo-electric measurements, 
in inflammatory swellings elevations of 1-2° and more in contrast with normal skin 
and muscle. 

J. Simon (Holmes, Syst. of Surg ., I860, Art. “Iuflamm.,” p. 43) found by 
thermo-electric measurements, that arterial blood flowing into an inflamed extremity 
is less warm than the focus of inflammation itself; that venous blood flowing from 
the extremity is less warm than the focus of inflammation, but warmer than the 
blood from the corresponding arteries; that THE venous blood is warmer than 

THAT OF THE CORRESPONDING HEALTHY SIDE OF THE BODY. 

Billroth and Hufschmidt (Arch. f. /din. C/dr., 1804, VI., p. 373) found in 
37 comparative measurements of the heat in a wound and in the rectum, that in 28 
the temperature was lower than that of the rectum, in 8 the temperatures of both 
parts were equal, in 1 that of the wound was 0.3° higher. 

O. Weber’s experiments ( Deutsche Klin ., 1804, No. 43 et 44) showed, that the 
temperature of an inflamed part may exceed that of a part in which it is raised 
through paralysis of the vaso-motor nerves and the resulting fluxion. W. measured 
the temperature in inflamed parts in 8 animals (of these 7 were dogs) 31 times: in 
9 the heat of the wound was greater, in 15 less, and in 0 equal to that of the 
anus. In all these experiments the thermometer was applied only to the surface of 
the wound, at the most beneath the borders of the wounds. W., like Simon, also 
compared the temperature of the instreaming arterial blood, as well as that of the 
outflowing venous blood, with that of the focus of inflammation itself and then 
with that of the corresponding healthy parts : in all 6 cases the temperature within 
the rectum was lower than that in the inflamed part of the fracture, or that of the 
parts surrounding the wound or even that of the wound itself. W. corroborated 
Simon’s results in other respects. 

Jacobson and Bernhardt (Med. Ctrlbl. , 1809, No. 19) excited inflammations of 
the pleura or of the peritoneum by subcutaneous injection, and by means of thermo¬ 
elements compared the temperature of the affected with that of the uninjured 
serous sacks, as well as with that of the right or left side of the heart. (Normally, 
the pleural sacks are as a rale about 0.1-0.2 C. cooler than the abdominal cavity, 
and 0.2-0.5 0 C. cooler than the left side of the heart.) The}" found that without 
exception the temperature of the inflamed parts was less than that of 

THE HEART. 

Laudien (Med. Ctrlbl ., 18(59, No. 19), in 40 observations on dogs and rabbits by 
the electric method (Wiedemann’s mirror-galvanometer), found the following: 
The temperature of the skin or of muscles inflamed to a high degree, to their 
deepest layers in the immediate neighborhood of the bones, never reaches that of tlie 
interior of the body : the difference in very intense processes still almost always 
amounts to 1-2 5 C. The temperature of an inflamed part in the acute stage usually 
exceeds that of the corresponding healthy part, if by communication with the 
atmosphere (open wounds and ulcerations^ a continuous loss of heat has not been 
sustained. The difference lessens with the distance of the tissue from the surface : 
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in the inflamed ear of a rabbit, 4 and 5° C. ; in tbe inflamed deeper muscles of the 
extremities of dogs and rabbits, seldom 1 , mostly 0 2-0.5° C. In the further 
progress of inflammatory processes, in extended purulent infiltration or abscess in 
deep parts, the analogous part of the healthy extremity is sometimes found warmer. 
The temperature of the arterial blood (art. cruralis in dogs) was higher than that of 
the focus of inflammation, which it supplied. (Consult also Jacobson, Virch. Arch ., 
LI., p. 275.) 

Schneider (Med. Ctrlbl., 1870, No. 34) after many measurements in man, con¬ 
firmed Hunter’s statements, that the elevation of temperature of inflamed organs 
was due only to the heat introduced by the inflowing blood-current, not to that 
formed in the tissues. 

Huppert (Arch. d. He ilk ., 1873, XIV., p. 73) found the temperature of the drop¬ 
sical cavity of the tunica vaginalis to be 35' C. After mechairical irritation it rose 
to 1.5-2.5°, thus exceeding the normal blood-temperature not more than 0.5 at the 
most. Almost simultaneously with this local elevation, the general temperature also 
rose; the latter was absolutely always higher than the simultaneous local tempera¬ 
ture. The local temperature harmonizes with the general; but the variations in the 
course of the latter always precede those of the former. 

■ The function of inflamed parts is almost always more or less 
disturbed. The disturbance is manifest in proportion to the knowledge 
we have of the function, and the ease with which it can be demonstrated. 
Function is either lessened or altogether destroyed: an inflamed cornea is 
less transparent; an inflamed bone is for the most part incapable of use; 
an inflamed muscle does not contract; an inflamed gland does not perforin 
its function, or does so incompletely, etc. Or the function is changed, which 
is made known especially by the appearance of involuntary reflex movements: 
thus in different inflammations of the eye there appears spasm of the lids, 
in inflammation of the nasal mucous membrane sneezing, in those of throat 
swallowing, in laryngeal catarrhs, changes of the voice and hoarseness, in 
catarrhs of the air-passages chiefly cough, in inflammation of the rectum 
tenesmus, in those of the urinary bladder spasm of the bladder. In very 
many peculiar ways is the change of function in the nervous system made 
known, as well in respect to psychical action as to motion and sensation. 
Disturbance of function is certainly an important symptom of inflamma¬ 
tion, but it also belongs to all other local disorders of nutrition. 

If heat, redness and swelling make known inflammation in external 
parts or in pai-ts opening externally, with respect to the diagnosis of 
inflammation of internal organs, no information is furnished in many cases 
either by disturbance of function, or by pain and heat, to say nothing of 
swelling and redness, which cannot be seen. There result, instead, in 
individual organs, a series of important symptoms from mechanical condi¬ 
tions, which become changed during the course of inflammation. The 
ducts of mucous membranes become narrowed by exudation and by hyper- 
semia, which in some cases at least affords distinct symptoms: thus in 
catarrh of the nasal and urethral mucous membrane, in that of the mucous 
membrane of the air-passages, especially of the glottis and small bronchi. 
In cases of intense inflammation of serous and mucous membranes, not 
only the serous and subserous, the mucous and submucous, but often also 
the subjacent muscular tissue is infiltrated by serum and is thereby in 
A'arying degree paralyzed: thereon depends, e.g ., the protruding of the 
intercostal spaces in pleuritis, paralysis of the heart in pericarditis, in part 
the dyspnoea in croupous laryngitis, diminished peristaltic movements of 
the stomach and intestines, meteorism, sometimes prolapsus, invagination 
of the intestine in sevei'e affections of the mucous or serous membrane. 
In the lung, parts previously containing air become, through the exudation, 
empty of air, dense, firm, and furnish a different sound in auscultation and 
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percussion. Percussion and auscultation detect similar changes in inflam¬ 
mation of most serous membranes, if the exudation is scanty and firm, or 
abundant and of any consistency. In tire heart the valves and orifices 
become changed by inflammation and its consequences, and after the valves 
cease to close or the orifices become too narrow, there arises a series of 
symptoms which are perceptible to sight, feeling and hearing. Inflamma¬ 
tions of the remaining, especially parenchymatous, organs, which are not, 
or only in part, accessible to percussion and auscultation, are diagnosed 
partly by the presence of one or another of the five cardinal symptoms, 
partly by {etiological events, partly by the feverishness of the process and 
by the acuteness of its course. 

Many inflammations furnish at no time of their coux'se local symptoms: 
e.g., many of the brain and its membranes, lungs, lieai’t, etc. Oi', the 
symptoms axe not to be distinguished from those of hypei’semia, haemorrhage, 
gangrene, new-formations, etc., of the same parts. 

General symptoms of inflammation are absent in inflammations of 
slight extent and intensity, but otherwise they are always pi'esent. The 
blood of those sick with inflammation is characterized by absolute and x’ela- 
tive increase of fibrin, and by the formation of the buffy coat in the 
liquid drawn from a vein. The conclusions, which were formerly drawn 
from the presence of this layer with respect to the existence of inflam¬ 
mation chiefly, and from the extent, thickness, and firmness of the former 
with respect to the intensity of the latter, have not been found to stand 
the test, since that crust occurs also in affections not inflammatory. 

Fever is found in many inflammations, i.e ., a marked x-ise of the tempe- 
rature of the body, axx increased frequency of the pulse and respiration, 
etc. This is generally in proportion with the extent and severity of the 
inflammation, but in special cases there are numerous exceptions. It was 
for a long time believed that fever depended upon the rise of temperature 
at the focus of the inflammation; but the quantity of heat here generated 
is in no case adequate, and is for the most part less than the temperature 
of the blood. And yet fever is of high diagnostic value with l-espect to the 
diagnosis of inflammations of internal parts. 

The relative experiments of BiLLROTn-HuFsciiMiDT, Weber, Frese, StriciyER, 
and others will be spoken of in Fever. 

Strtcker (Stud, aus d. Inst. f. exp. Path ., 1870, p. 31) found that excised tissues 
(e.g., the cornea of the frog) implanted on an inflamed part (into the folds of the 
nictitating membrane after previous cauterization of the cornea so as to penetrate 
through it), exhibited the peculiar inflammatory changes of the elements of the 
tissue : sometimes there were found only transformed corneal corpuscles, wandering 
cells in usual number, sometimes dense accumulations of smaller amoeboid cells, 
besides more or less transformed corneal corpuscles. 

Besides, there fi’eqnently appear still further genei-al symptoms of ixx- 
fiammation, according as one or aixother of its aspects preponderates ; e.g., 
in prolonged suppuration general anaemia and exhaustion of the organism 
(also hectic fever), fatty degeneration of the liver, spleen, kidneys, etc. ; in 
many suppurations, especially acute suppuration of the bones, pyemia, 
etc. ; in diphtheritic exudations, severe general phenomena, paralyses, etc. 

The terminations of inflammation are discussion or resolution, 
death, or in permanent disturbances of nutrition. Death may be local, 
gangrene ; or general, death of the individual. Gangi'ene appeal’s, if 
nutrition is wholly arrested. Death of the individual has diffei’ent causes: 
in respect to the kind of inflamed organ, kind and extent of the inflamma- 
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tion, individuality, etc. The permanent disturbances of nutrition are 
adhesions and indurations of organs, further degenerations, which, 
strictly considered, still belong to inflammation. The same is true of the 
commonly developed suppuration and ulceration. 

DIVISION OF INFLAMMATIONS. 

The phenomena of inflammation are in general, and with respect to their 
causes, the organs which they affect, their intensity and extension, etc., so 
manifold, that in the individual case not only the question is important, 
whether an inflammation is present, but also that a knowledge of its causes, 
of the preponderance of single principal phenomena, etc., is of the greatest 
interest. Inflammations are thus usually distinguished (besides, with 
respect to their duration: acute and chronic inflammations) from retiologi- 
cal and from anatomical standpoints, as well as by their character. 

I. ^Etiological Division. 

1. Traumatic inflammations are the simplest, because they are usually 
developed in a previously healthy body, and because their causes are usual¬ 
ly apparent, in part also because they can be more or less easily removed. 
Here belong especially simple or pure wounds. ( Vide Repair.) 

In crushed and lacerated wounds the process is much less simple, 
because it is at the same time concerned with resorption of bloody effusions, 
with separation of dead parts, sometimes also with their absorption with 
participation of the whole organism, etc. 

Inflammations excited in various tissues and organs by foreign 
bodies are traumatic, in the wider sense; from such upon the conjunc¬ 
tiva and cornea, in the mouth, nose, air-passages, and lungs; besides, 
catarrhs arising from artificial teeth, stumps of teeth, etc., in the mouth, 
catheters in the urethra, pessaries in the vagina, in the rectum, etc. Uri¬ 
nary and biliary calculi sometimes exert the same influence on the organs 
where thev are formed. 

2. Toxic inflammations. Inflammations caused by animal and vegeta¬ 
ble parasites (fleas, lice, bugs, micrococcus, etc.: parasitic inflamma¬ 
tions), also those excited by insects, etc., form the transition from trau¬ 
matic to toxic inflammations. Besides, to this class belong those generated 
by corrosive substances, which act upon the skin as well as upon mucous 
membranes. Injuries of the skin are caused accidentally by nitric acid, 
sulphuric acid, caustic lime, strong alkalies, etc. We excite the same pro¬ 
cess artificially to destroy and remove organic parts. Finally, acids and 
alkalies are sometimes taken into the mouth and stomach accidentally, 
sometimes with the intent of suicide. In the same rank are lunar caustic, 
corrosive sublimate, chloride of zinc, etc. 

Also in this class are included inflammations which are the results of 
high degrees of cold and heat. 

To toxic inflammations in the broader sense belong those which have their 
origin in irritation of the tissues by the blood after the entrance of poisons 
into the blood, e.g., urticaria in many after ingestion of various sub¬ 
stances, mercurial stomatitis, etc.; chronic-gastritis, and granular liver 
from the habitual use of alcohol, as well as from phosphorus, nephritis 
from active diuretics. The peculiarities of these inflammations lie partly 
in their preference for certain parts of the body (that of mercury for the 
mucous membrane of the mouth, that of iodine for the skin of the face 
and nasal mucous membrane) ; partly in the preponderance of individual 
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elementary processes (in that from mercury great serous swelling of the 
tissues and exudation according to the kind of secretion ; in that from 
iodine, congestion, etc.). 

Finally, to this class belong inflammations arising from abnormal chemical 
processes within the organism: catarrhal stomatitis of infants, many inflam¬ 
mations of the urinary bladder from retention and decomposition of the 
urine, pneumonia in bronchiectasis. 

3. Dyscrasic inflammations likewise have their origin through irritants, 
which are carried by the blood, and are thus in many ways connected with 
those just mentioned. Here great differences are found in individuals. (See 
Syphilis, Scrofulosis, Scorbutus, etc.) 

Acute endocarditis is found especially in acute rheumatism of the joints, and in 
pyaemia. Consult Hesciil ( Oestr. Ztschr. f. pract. Jleilk ., 18(52, Nos. 12 el. 13). 

4. Metastatic inflammations arise partly from emboli and collateral 
hypersemia at the obstructed part, partly from an irritant in the blood, as 
in many cases of pyaemia. They occur chiefly in the lungs, liver, spleen, 
kidneys, serous membranes. They always attack parts which are confined 
and often wedge-shaped, but usually many parts in one organ. 

The cause of orchitis, mastitis, etc., occurring particularly iu epidemic parotitis, 
has heretofore in no manner been explained. 

5. Rheumatic inflammations. The more immediate processes herein 
concerned are still unknown. Sudden cooling or wetting, especially of the 
body while perspiring, is the cause of inflammations belonging to this class, 
as many forms of erysipelas, angina, pneumonia, inflammations of the joints, 
etc. 

6. Inflammations arising in consequence of contagions and miasms are 
likewise altogether unknown with respect to their origin. To this class 
belong inflammations of the skin, mucous membranes of the eyes and nose 
in measles; those of the skin, mucous membrane of the mouth and throat, 
sometimes also of the kidneys, in scarlet fever; those of the skin and of 
many mucous membranes in small-pox ; those of the air-passages in whoop¬ 
ing-cough ; epidemic diphtheritis of the mouth and throat; mumps ; inflam¬ 
mations of the mucous membranes and muscles in glanders, etc. 

Many secondary inflammations are, with respect to their more immediate cause 
of origin, wholly unknown : stomatitis in severe acute and chronic diseases, pericar¬ 
ditis in carcinoma, etc. 

7. Hypostatic inflammations arise slowly from hypersemia in which the 
weakened heart’s action (in acute and chronic marasmus), the disposition, 
a pressure from without upon the skin, or in the bronchi, lungs, urinary 
passages, the remains of products of secretion act as the irritants. The red¬ 
ness is mostly dark, livid, and dependent upon injection as well as upon 
imbibition ; the exudation is slight, more of the serous variety ; new-for- 
mations are mostly absent, and destruction depends mostly upon maceration 
and necrotic processes (bed-sore). 

II. Classification of inflammations according to the preponder¬ 
ance OF SOME ONE OF THEIR ELEMENTARY PHENOMENA. 
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1. Congestive oh vascular forms of inflammation. 

Their chief factor is congestive hyperaemia. Symptomatically, redness 
and swelling are shown, which are dependent upon hypersemia, and upon 
serous, or mucous, or sero-purulent exudation, for the most part simulta¬ 
neously present; later sometimes also upon elongation of the vessels and 
proliferation. New-formation and retrograde metamorphosis are wanting 
entirely, or show only a slight development. Complete return of the in¬ 
flamed tissues to the normal state is the rule. 

Congestive inflammation is the oldest form of inflammation. It is best 
represented by inflammations of the skin, if they are acute and terminate 
with healing: erythema (common, or in scarlatina), erysipelas, phlegmons ; 
as well as by inflammations of the mucous membranes which are character¬ 
ized as acute catarrhal, with or without slight secretion, or as phlegmonous 
forms: conjunctivitis, stomatitis, gastritis, enteritis, bronchitis, etc. Ery¬ 
thematous inflammations of the skin and mucous membranes affect the 
upper, phlegmonous inflammations affect the deeper layers of the skin and 
mucous membrane, sometimes also the subcutaneous, i.e., the submucous 
and inter-muscular connective tissue: the exudation is mostly slight, some¬ 
times it is more abundant or it proceeds to the formation of pus ( e.g ., in 
the gums: so-called parulis). Also the lightest and most transient forms 
of inflammation of the serous membranes (pleuritis, peritonitis, meningitis) 
and the simple acute inflammations of the glands (orchitis, mastitis, parotitis, 
nephritis, many inflammations of the lungs) belong to this class. 


The so-called congestive inflammations, which furnish manifold transitions to non¬ 
inflammatory congestion, sometimes often return in the same individual, even many 
times, for the most part, with irregular intermissions; sometimes also regularly in short 
(daily) or longer (monthly) periods. Similar conditions are found in many inflamma¬ 
tions of the same kind with serous exudation: e.g., many such regularly recurring 
inflammations of the joints have lately been observed. 

Many mucous membranes, e.g. that of the larynx, are in the dead body always 
pale even in congestive forms of inflammation, because of their abundant elastic 
fibres; but in the living, redness of the parts, with the exception of the vocal cords, 
may be very intense. 

2. Exudative forms of inflammation. 

These are characterized by the quantity and peculiarities of the exuda¬ 
tion. They presuppose always a more or less great participation of the 
vessels. 

a. Inflammations of serous membranes with fibrinous exudation are 
the purest of these forms. In mixed exudations, or those containing a 
large quantity of fibrin, the exudation, in contrast to the vessel-changes, 
appears in the foreground, especially if they are secondary, i.e., if the 
inflammations are caused by an irritant from the blood: as in pyaemia and 
puerperal fever, when for the most part a large quantity of serum and 
fibrin are exuded with slight vascular changes. If these inflammations are 
primary, arising from cold (“ rheumatic ”), the vascular changes are, besides 
the exudation, distinctly visible. If they are traumatic, caused, e.g., by 
perforation of the intestines, vascular changes appear very early and are 
strongly developed. It is to be observed symptomatically, that the pain 
appears to be severe in proportion to the hypersemia and vascular disturb¬ 
ance, so that inflammations of serous membranes from perforation are the 
most painful, those from colds less so, those occurring secondarily in pyae¬ 
mia the least, or give rise to no pain at all. Inflammations of mucous 
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membranes and of the skin rarely occur with exudation. (See Croupous 
Exudation.) 

b. Inflammations with serous exudation are differently formed according 
to the seat of the exudation. It passes out of the vessels quickly through 
the epithelium or endothelium to the surface of the affected membrane, 
without any essential change in the former: in many acute serous exuda¬ 
tions of serous and synovial sacs; in many inflammations of mucous mem¬ 
branes, with abundant serous or sero-mucous, or at the same time slightly 
purulent exudation (many forms of stomatitis, bronchitis, intestinal catarrh, 
also, in part, cholera); in many parenchymatous inflammations (lungs, 
kidneys). 

It adzie jew ski’s investigations on the action of cathartics show that transudation 
does not come into play, but only the increased peristaltic movements (whilst the 
blood in the intestinal wall, by taking up the cathartic, contains its peculiar irritant). 

If the epithelium does not allow such a passage through of the exudation, 
the uppermost impermeable epithelial layer (epidermis, uppermost layer of 
laminated epithelium, as of the oesophagus, urinary bladder, etc.) rises up 
in the form of a vesicle (blisters, also in part the vesicles of herpes, of 
erysipelas, and of pseudo-erysipelas, perhaps also of eczema, of varicella, 
peculiar vesicles of mucous membranes). After the opening, artificial or not, 
of the vesicle, the exudation either is arrested (blisters, herpetic vesicles) 
or it still continues for a variously long time (vesicles of eczema). At 
other times the exudation fills out the cells, first of the middle, then of the 
lower epithelial layer, and these distend to different degrees : there appears 
on the surface of the skin or mucous membrane, first a papulous, then a 
vesiculous elevation, which is finely partitioned, i.e ., by epithelial strings, 
which are not filled with exudation, but are drawn out, etc. This is the 
case in small-pox pustules, in the cavities of which there afterward 
appear white (or red) blood-corpuscles, upon the skin as well as upon the 
mucous membranes; in many vesicular eruptions of mucous membranes 
provided with laminated epithelium. 

If the serous exudation does not, or only in part, penetrate through the 
cells of the skin or mucous membrane, its accumulation raises up sometimes 
the uppermost, sometimes the deeper epithelial layers; the lowermost layer 
is rarely raised. Thus arise the desquamative inflammations of the skin 
and mucous membranes. Those of the former occur in erythematous, 
erysipelatous, scarlatinous, and eczematous inflammations. In the colon 
the separation of the epithelium may take place to such an extent and so 
completely, that masses of it are evacuated, which under the microscope 
are found to be only epithelium with pores for the mucous glands. 

According to most authors, such a desquamation should take place in cholera ; but 
examinations of the cholera stools of the living, as well as of the intestinal mucous 
membrane soon after death, demonstrate the untenableness of this view. The form 
just given of desquamative catarrh of the colon, I saw in a case of colitis, which was 
caused by a clyster of slightly diluted vinegar. 

c. Desquamative (or parenchymatous) inflammations of parenchyma¬ 
tous organs (lungs, kidneys, liver) consists in the swelling of the paren¬ 
chyma by serous infiltration, and, in consequence, in a separation of the 
epithelium. The cells of the latter are enlarged, more rounded, and filled 
with albuminous, and, in part, oily molecules. They pass out either entirely 
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(in the kidneys with the urine), or partly (in the lungs by expectoration); 
or they remain in the cavity affected, either to become absorbed or to un¬ 
dergo cheesy transformation (see Cheesy Inflammations). These inflamma¬ 
tions are either secondary (from poisons, in typhoid fever, acute exanthe¬ 
mata), or they are primary, and then pass by transformations of tissue into 
productive inflanunations. 

Consult Buiil, Lungmentz, u. s. \v., 1872, p. 38. [Am. edition, 1875.] 

In serous infiltrations of the skin and mucous membranes, and parenchy- 
mata, which are commonly called inflammatory (edema, the inflammatory 
character of them is often doubtful (oedema glottidis, cerebral oedema); they 
can then properly be called inflammatory only when congestive hypertemia 
is present with haemorrhages, and pus-corpuscles are found besides the 
serum. The most developed are those inflammations of the skin in many 
of the lighter phlegmonous inflammations, in the rectum in the compara¬ 
tively severe forms of dysentery. To inflammations with serous exudations 
as a preponderating element, belong also many forms better known clini¬ 
cally than anatomically: epidemic parotitis, serous orchitis (especially in 
gonorrhoea), perhaps also many inflammations of the brain, lungs, and liver. 
Inflammations of this kind of the parotid glands and testicles have a great 
similarity with the retentions of lymph, which, e.g ., arise in the submaxil¬ 
lary glands, if the excretory duct be ligated and the nerve irritated. 

d. Mucous inflammations are those inflammations of the mucous mem¬ 
branes in which mucus preponderates and is produced in greatly increased 
quantities. They occur in all mucous membranes, especially in those which 
are rich in mucous glands (nose, mouth, throat, air-passages). Their course 
is acute or chronic. The transformations of the mucous membranes them¬ 
selves and of the mucous glands are slight; the latter appear only for the 
most part larger, and their excretory duct is dilated. 

A strikingly large production of mucus is found also with a simultaneous serous, 
purulent, and croupous inflammation. Then the mucous glands are sometimes not 
only very wide, but their orifices show openings, w r hich perforate the croupous exu¬ 
dation. 

e. As types of croupous exudation are to be regarded those cases of 
croup of the air-passages in children and adults, and perhaps some cases of 
croupous inflammation of the lungs. In these cases, primary vascular 
changes, at least in the dead body, are for the most part moderately devel¬ 
oped. The chief circumstance is the quick origin of the firm croup-mem¬ 
brane, consisting of transformed epithelium and pus-corpuscles. Many 
cases of croupous inflammation of other mucous membranes referred to this 
class are fibrinous inflammations. 

Croup simply expresses the formation of a croupous membrane upon the mucous 
membrane of the larynx, and for the most part also on that of the trachea; pseudo¬ 
croup simply a congestive hyperocmia running its course with like symptoms, or 
simply catarrhal inflammation of the same parts. The French employ another nom¬ 
enclature ; they call true croup only the first mentioned affection, with simultaneous 
exudation upon the pharyngeal mucous membrane : pseudo-croup that affection with¬ 
out pharyngeal croup. Croupous inflammations occur sometimes primarily (especially 
laryngeal croup); sometimes secondarily, e.g., laryngeal croup in scarlet fever 
measles, small-pox, typhoid fever. 

f. Purulent forms of inflammation appear purest, with slight vascular 
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changes, in secondary inflammations, where the irritant passes with the 
blood into the organs, as in pyaemia. In other cases, besides acute suppu¬ 
ration, there are often found other phenomena of inflammation : thus marked 
hyperaemia in inflammations of connective tissue, subcutaneous and inter¬ 
muscular, of the connective tissue between the intestines and beneath the 
peritoneum, as in perinephritis, pericystitis, periproctitis, perityphlitis, 
perichondritis laryngea, peri- or retro-pharyngitis, in the first stage of pneu¬ 
monia. Also in the periosteum, and in the endostium supporting the marrow, 
and bearing abundant fat-cells. Very great suppuration occurs also in 
serous membranes, in synovial membranes of the joints, especially with high 
degree of vascular change. 

In mucous membranes purulent forms occur sometimes acute, with for 
the most part marked hyperannia, as purulent catarrhs ; sometimes 
chronic and with slight vascular changes, as purulent blennorriicea. In 
acute inflammations of the mucous membranes (stomatitis, gastritis, colitis, 
urethritis, inflammations of the ducts of many glands, etc.), sero-purulent 
or pure purulent exudation is mixed with the substance of the affected 
mucous membrane ; in the epithelial covering, if composed of many laminae, 
there are found at first perhaps increased formation and separation of epi¬ 
thelium, further on pus-cells, which pass through the epithelium into the 
free surface, and beneath which the epithelial cells themselves often are 
normal or only moderately enlarged. The tissue itself of the mucous mem¬ 
brane is sometimes only hyperaemic; sometimes simultaneously also infil¬ 
trated with serum, and penetrated by scanty or abundant pus-corpuscles; 
in both cases swollen. The mucous glands herein for the most part take 
no, or only a slight part; sometimes they show the same process, or stand 
out, on account of the accumulation of their contents, as small pearl-like 
nodules (e.g., in stomatis vesicularis). Also in the external adventitious 
connective tissue of mucous membranes there occur perityphlitis, peri¬ 
proctitis, peribronchitis, etc. In the skin all these processes are modified 
by the firm, unyielding, horny layer which lies over the stratum of Mal¬ 
pighi, analogous to the epithelium of mucous membranes. Catarrhal pro¬ 
cesses are on this account impossible, at least so long as the horny layer 
remains. If the latter is in any way destroyed, these processes go on in 
the same manner as in inflammations of mucous membranes: e.g ., in acute 
eczema. Circumscribed suppuration is best observed in the pustules of 
small-pox, which have the same character, also, in the mucous membranes 
of the mouth and oesophagus. 

The term catarrii is intelligible only by the conception of the ancients, that in 
“cold,” liquid flows from out of the ventricles of the brain through the ethmoid bone 
and nose, or is distilled from them, and thus the brain is purified of injurious sub¬ 
stances. Schneider (De catarrhis, 1601) first demonstrated anatomically the falsity 
of this theory. 

In PARENCHYMATOUS glandular organs purulent inflammations some¬ 
times affect the epithelial or other cells of the acini, sometimes the inter- 
acinous connective tissue and its vessels are the sources of the pus-corpus¬ 
cles. In still other cases both conditions at the same time, or transitions 
of suppuration from one part to another, occur. In the first-mentioned 
case the gland-cells either remain, as in many suppurations of the renal 
tubuli, where pus-corpuscles pass out singly or in casts. Or, they are de¬ 
stroyed with the suppuration, which further affects the interstitial tissue, 
and sometimes gives rise to abscesses. Suppurations of this kind are 
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oftenest observed in the puerperal mamma, in the testicle, more rarely in 
the kidneys, salivary glands, lympli-glands, etc. In the lungs, suppurative 
inflammations occur within the alveoli as well as in the interalveolar, inter¬ 
lobular, peribronchial, etc., tissues: they are distinguished as free and 
interstitial." 

In catarrhal pneumonia the epitheiia of the pulmonary vesicles swell, their nuclei 
increase greatly in numbers, then the cells separate and fall into the cavity of the 
alveoli (Ranvier, Nouv. diet., etc., 1870, XIII., p. 675). According to Buhl 
(1. c.), pus-corpuscles have their origin in the smallest bronchi, and by inspiration 
pass into the alveoli. 

g. The ulcerative form of inflammation passes in various ways into the 
degenerative forms of inflammation. It affects especially the membranous 
tissues. Their destruction may follow suppuration or precede it. Ulceration 
takes place sometimes in consequence of suppuration in the connective 
tissue of the membrane, sometimes in consequence of preceding fatty meta¬ 
morphosis of the epithelium and of the connective-tissue corpuscles, of the 
albuminous infiltration, and of the cell-growth between the connective tissue 
fibres, which metamorphosis is or is not at the same time accompanied with 
suppuration. The former occurs in most common ulcers of the skin and 
mucous membranes ; the latter forms most of the falsely-termed diphtheritic 
inflammations of the intestinal mucous membrane, as in dysentery, cholera j 
secondarily in small-pox, puerperal fever, etc. In the term ulcer there is 
implied not only loss of substance, but also now-formation, with destruction 
of a part of the new-formed material. Owing to the part played by the 
vessels and suppuration, cohesion is finally destroyed, and there results a 
breach of the skin or mucous membrane. 

The doctrine of ulcers belongs for the most part to special surgery, where helco- 
logy, in the hands of Astruc, Bell, Rust, and others, has attained to great perfec¬ 
tion. A rational classification of ulcers has hitherto been impossible. They are 
commonly classified: according to their character into stationary, atonic or torjjid, 
also into corroding and sloughing ulcers, in opposition to healthy ulcers; according 
to the cause: into local, i . e . , dependent upon a local disease, or idiopathic, catarrhal, 
varicose, diphtheritic (or aphthous), puerperal, simply and constitutionally syphilitic, 
scorbutic, dysenteric, typheus, tuberculous (and scrofulous), carcinomatous ulcers— 
to which many refer those designated as lupous, gouty, warty (Marjolin), etc. ; 
according to complications: into inflammatory, hyperaemic, anaemic, haemorrhagic, 
cedematous, gangrenous ulcers. On some mucous membranes there occurs still a 
peculiar form of ulcer : follicular ulcers, which have their origin in ulceration of the 
solitary follicles. 

As ulcers, also, are often regarded those disturbances of continuity, in which usually 
there occurs no continuous production of pus: e.g., typhous and tuberculous ulcers 
of the intestme, as well as the round ulcer of the stomach. These ulcers are, as a 
whole, not dependent upon suppuration of the affected membranes, but upon necrosis, 
in consequence of complete interruption of the circulation; the formation of pus 
takes place only exceptionally in the ulcer already formed. 

In the bones, striated muscles, brain, and liver, suppuration precedes (in 
abscesses) in many cases degeneration and destruction of tissues; granula¬ 
tions, pus, and ichor appear only when the cavities are pre-formed. 

The swellings of the solitary follicles and lymph-glands, as well as of the 
spleen, frequently occurring in catarrh of mucous membranes from the 
transition of exudative to the productive forms of inflammation; the swell¬ 
ing is dependent upon increase of the nuclei and cells of the gland juice. 

3. Productive inflammations in the narrower sense, which lead to new- 
formation of PERMANENT TISSUE. 
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To this class belong, first of all, most subacute and chronic inflammations 
of serous membranes, in which vascular connective tissue is generated, 
which further on lead to general clouding and thickening of the serous 
membrane, or to tendinous spots, or to the formation of tufts, or to the 
growing together of both laminae of the serous membrane, by short or long 
vascular masses of connective tissue. Similar conditions are found in the 
joints. 

Meyer (Ann. d. Char ., XI., p. 1) has directed attention to the importance of 
adhesive pleuritis, with respect to the resorption of the pleural exudation. 

Also to this class belong most chronic inflammations, which affect espe¬ 
cially interstitial glandular tissue, and chiefly parenchymatous organs ; 
circulatory changes are slight, the vessels of the new connective tissue are 
at least not excessively filled with blood. Examples are afforded in many 
interstitial fibrous inflammations (indurations or cirrhoses), of the mammary 
glands, liver, lungs, testicles, inflammatory thickening of the uterus and 
its vaginal portion, thickening of the valves of the heart, total or partial 
sclerosis of the brain; in a word, those of the connective tissue of every 
part. 

In mucous membranes, new-formations of the different layers occur in 
consequence of chronic inflammations. This sometimes affects all the layers, 
as in many forms of chronic gastritis (scirrhus ventricioli), enteritis, etc., 
with consecutive contraction of the cavity and diminished contractility, etc. 
Sometimes only single layers are hypertrophied. The most important is 
that in the muscular coat of the intestinal canal and urinary bladder above 
the narrower portion (oesophagus at the cardiac extremity, stomach at the 
pylorus, urinary bladder in strictures of the urethra, etc.). The mucous 
membrane itself, as well as the submucous tissue, becomes thicker through 
increase of their connective tissue and vessels, sometimes also through 
hypertrophy of the glands. This takes place in inclosed parts, thus giving 
rise to polypi, in which sometimes the glands, sometimes the connective 
tissue, sometimes the vessels preponderate. Also papillary new-formations 
appear, e.g ., in chronic cystitis as tufted hypertrophy of the mucous mem¬ 
brane, in inflammation of the vagina as granulations, on the skin of the 
genitals as condylomata. Chronic periostitis terminates with the deposition 
of layers of bone, with the formation of prominent osteophytes; chronic 
inflammations of the medullary membrane of the bones, with fibrous thick¬ 
ening of it and transformation of the connective tissue into osseous tissue. 
The healing of bone, wounds and cicatrization of wounds of the skin take 
place only through productive inflammation. 

4. Degenerative forms of inflammation. 

Most parenchymatous inflammations are simply degenerative. Thus, 
acute and many chronic inflammations of the liver and kidneys, where 
vascular changes and free exudation are almost entirely wanting: the 
nutritive fluid entering the cells of the liver, Malpighian capsules and 
urinary tubuli, which probably is also changed qualitatively, swells them 
up, and finally the cells are destroyed through albuminous infiltration with 
or without fatty metamorphosis. In iuflamed adipose tissue the fat-cells 
exhibit serous accumulations, sometimes also a peculiar increase of the 
nuclei. 

Inflammations characterized as dipiitheritis mostly begin with intense 
hypersemia, but besides they behave in a very different manner. In diphthe- 
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ritis of the throat and of the great air-passages there is found on parts of 
the epithelium a croupous or croupo-purulent membrane, under which the 
mucous membrane, and also for the most part the subjacent tissues, are 
interrupted by haemorrhages and infiltrated by pus. The loss of epithelium 
and the infiltration last-mentioned are, with resjtect to their extent, de¬ 
pendent upon the superficial or deeper destruction of tissues. In diplithe- 
ritis, falsely so-called, of the intestinal canal, primary (dysentery) as well 
as secondary (in cholera, typhus, small-pox, etc.), in that of the uterus, etc., 
there is found on the surface a similar but thinner layer of exudation, 
which is made up of purulent mucus, epithelial cells infiltrated with albu¬ 
minous matter, and which have undergone fatty metamorphosis, and the 
uppermost infiltrated layer of the mucous membrane; the connective tissue 
corpuscles of the mucous membrane, also of the submucous tissue, in part 
become fatty, in part containing abundant pus-corpuscles, which likewise 
have suffered fatty transformation, and an abundant fibrino-albuminous 
exudation. 

Gangrenous may be distinguished from phagedenic inflammations, in 
which the parts are destroyed layer by layer and extending peripherically, 
after they have previously undergone purulent infiltration. They are found 
in the skin, connective tissue, lungs, etc. 

Gangrene is, in these inflammations, dependent sometimes upon absolute 
stasis of the blood in a large portion of tissue; sometimes upon contact of 
pus with putrefying materials; sometimes upon the fact that the inflamma¬ 
tions themselves has been induced by gangrenous ichor, poisons, contagions ; 
sometimes upon paralysis of the inflamed parts; often upon the fact that 
the periphery of the parts has been destroyed by pus. ( Vide infra.) 

Cheesy inflammations are those in which, usually in a chronic manner, 
the for the most part purulent or purulo-fibrinous exudation, or desquamated 
epithelium, have, in consequence of the anaemia, lost so much liquid that 
there results a dry, gray, or grayish-yellow mass, firmly imbedded in the tis¬ 
sues. They are observed most frequently in the lungs, rarely in the lym¬ 
phatic glands, bones, brain, etc. 

Cheesy pneumonia, according to BunL ( Lungenentz , u. s. w., 1872, p. 68), proceeds 
from neither catarrhal nor croupous, but only from true desquamative pneumonia. 
The latter is characterized by an embryonal increase of connective tissue in the 
inter-alveolar tissue, and by an abundant new-formation of cells and nuclei in the 
adventitia of the smallest arterial branches, which in different parts forms nodules or 
only diffuse swellings. B. includes in this class also the white pneumonia of the 
new-bom, which the Author holds to be of syphilitic nature. {Arch. cl. lleilk ., 1803, 
p. 856.) 

Tuberculous inflammations are distinguished either by deposits of an 
almost purely fibrinous exudation upon the free surface of serous sacs, of 
the alveoli of the lungs, etc., in which there is a constant and more or less 
abundant nuclear and cell-formation : thus are they rather cheesy inflam¬ 
mations. Or, with the phenomena of inflammation, they lead only to great 
nuclear and cell-formation, and for the most part to the formation of dis¬ 
tinct miliary or more diffuse tubercle. Indeed the names in use, of menin¬ 
gitis, epididymitis, pleuritis, etc., tuberculosa point to this connection 
between inflammation and the formation of tubercle. The nuclei and cells, 
as well as the fibrin-exudation, very soon suffer cheesy metamorphosis, 
whilst the exudation, as well as the new-formed nuclei and cells and the 
included pre-existing parts, assume a molecular state, whereby membranes 
are destroyed as ulcers, and cavities form in parencliymata, or sutler calca- 
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reous or atheromatous degeneration. Inflammations of this kind appear 
very often in people affected by general tuberculosis, especially in the lungs, 
on serous membranes, and in the mucous membranes of the urinary and 
sexual apparatuses, in the testicle, etc. (See Tuberculosis.) 

5. Specific inflammations. 

They are those which are the results of wholly specific causes, the nature 
of which, however, is for the most part entirely unknown, and which are 
characterized chiefly by the nature of the process, as well as by their local¬ 
ization, and finally by the peculiar, and likewise, for the most part, specific 
participation of the whole organism. 

A part of the processes to be referred to this class may, with equal justice, be 
included among the new-formations; as tuberculosis and scrofulosis, typhoid fever, 
leucocythaemia, lupus, syphiloma, cancer in some cases. Others also belong in part to 
that list, but are most of them considered here. This holds good, especially of the 
new-formations in glanders and farcy. Here, upon the local ulcer, there follows affec¬ 
tions of an inflammatory nature in the lymphatic vessels and glands. Later there 
follow cutaneous eruptions, nodular growths and ulcers in the subcutaneous con¬ 
nective tissue, in the bone-membranes and in the bones, in the lungs and testicles, 
and in other internal organs. 


III. Classification of inflammations with respect to their char¬ 
acter. 

Until the present time * inflammations have been divided into sthenic 
and asthenic, as well as into active and passive. With strong sthenic 
inflammations should be denoted the possibility of a favorable termina¬ 
tion in strong development of the phenomena. A. favorable termination 
is possible in proportion to the nutrition of the inflamed part. If, in a 
strong man, and in a part well nourished, the local phenomena of inflam¬ 
mation and also fever are present in high degree, the inflammation is then 
called sthenic. In these cases also the fibrin of the blood is considerably 
increased; as in acute rheumatism, pneumonia, pleuritis, facial erysipelas, 
and, too, in traumatic inflammations. Inflammations are said to be hyper¬ 
sthenic when the local transformation of tissue is so considerable that the 
part is destroyed by gangrene, by suppuration. 

Asthenic, torpid, or adynamic inflammations affect parts poorly nour¬ 
ished and disposed to degenerations. They arise from slight irritations. 
Chronic inflammations belong for the most part to this class. In the {etio¬ 
logical categories are the metastatic and hypostatic, as well as many inflam¬ 
mations of paralyzed parts; in the anatomically divisible forms the diphthe¬ 
ritic and the degenerative. 


III. GENERAL DISTURBANCES OF NUTRITION. 

Normal nutrition consists in morphological and chemical processes. The 
former until now have been little known, since they have provisionally 
been almost inaccessible to our means of investigation ; the latter, on the 
other hand, have been more exactly studied, at least with respect to indi¬ 
vidual organs, e.g., the muscles. 

Disordered nutrition, so far as it concerns new-formations, is still 
little known chemically; so much the more has attention been turned to 
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histological changes. In retrograde changes attention has until now been 
turned move in both directions. 

The nutrition of the elements of the body may be changed in three ways: 

1. If the nutrition is increased, the part takes up surplus material, 
the growth is increased : progressive metamorphosis ; and either in the 
direction of the old tissue, hypertrophy, hyperplasia : or in a foreign 
direction, heteroplasia, neoplasia. 

2. If the nutrition is incomplete, retrogression is increased; the nor¬ 
mal form and function are more or less lost: retrograde metamorphosis, 
involution. 

3. If the nutrition is wholly interrupted : necrosis, gangrene. 

The different disturbances of nutrition occur sometimes singly, sometimes 

two or more together, sometimes combined with various disturbances of 
the circulation, and with inflammation. 

1. imperfect nutrition, retrograde metamorphosis. 

(atrophy, infiltration, and degeneration.) 

(The general literature of the subject is found in writings on general pathology 
and pathological anatomy. Special literature, ride infra.) 

The various retrograde metamorphoses have in common, a decrease 

IN VARIOUS DEGREES OF THE NUTRITION AND FUNCTION OF THE AFFECTED 
parts. In this respect, however, the elements undergoing atrophy tissue 
behave differently. 

a. They merely decrease in size, their elements diminish in volume, 
their chemical elements are not changed, only diminished— quantitative, 
simple, pure atrophy. This simple atrophy, the becoming smaller, falling 
away of the elements, is yet to be distinguished from numerical decrease 
of the elements, wherein a part of them is wholly and forever destroyed 
(necrobiotic atrophy). In a given case, both forms of atrophy may occur, 
and, besides these, degenerations often accompany one or another. 

b. Into the tissue a foreign substance from without, from the blood, 
is deposited, infiltrated (chalk, pigment, fat), which is followed either by 
a loss of special function, or at the same time by a change of form, or fin¬ 
ally also by a complete destruction of the tissue— infiltration. 

c. The tissues are transformed into other shapes and material, whereby 
they are for the most part softened and made absorbable : thus albumen 
into fat, mucus, etc., —qualitative atrophy, degeneration. 

The above classification is not a strict one. 

The transformation of one tissue into another, physiologically of a 
lower grade, but otherwise equal to the normal tissue, is usually not to 
be regarded as atrophy or degeneration, but clinically is to be ranked 
with it. Thus, most frequently connective or adipose tissues occupy the 
place of muscle, nerve, and glandular tissues of ali kinds. The opposite 
condition is found in transformation of common connective tissue into fatty 
or cytogenic tissue, the fatty marrow of the medullary cavity of bone into 
lymphoid medulla, etc. 

Certain forms of atrophy, which affect whole parts of the body or the whole organ¬ 
ism, have formerly, and partly at the present time, been designated by special names. 
Thus simple emaciation, macies. emaciatio, marcok to express wasting of the fat, 
is distinguished from decrease in size of the muscles, tabes. Others call tabes 
a wasting dependent upon affections of the nerves. Consumption, phthisis, con- 


2S8 


ATROPHIES. 


sumptto were formerly applied to atrophy after ulceration and febrile processes : 
now they are applied for the most part only to atrophy appearing- in the course of 
chronic pulmonary tuberculosis. Hectic is applied to emaciation through loss of 
the lluids, e.g., diarrhoeas, haemorrhages. Marasmus signifies rather the continuous 
low condition of nutrition, as it is found in bad nourishment, or normally in old age. 
Cachexia is commonly applied to the state of lasting slight nutrition of younger 
persons. But these expressions are now often used indiscriminately for atrophy of 
the whole body, etc., which is acquired by sickness. 

Before our knowledge of histological changes, atrophies were divided into indura¬ 
tions and softenings. To indurations were referred also a number of processes, 
which consist in hypertrophies or new-formations, especially of connective tissue. 
Just as ambiguous is the expression softening. This, like induration, likewise 
occurs not infrequently under circumstances where no atrophy can be assumed. All 
cedematous parts are softer, etc. So, e.g., in general emaciation there is a kind of 
softening of the fat tissue, but which in reality represents a transformation of it into 
ordinary mucous tissue ; in inflammations, etc., there frequently appears a transfor¬ 
mation of the common connective tissue into the same tissue. At other times there 
arises a softening in consequence of digestion, e.g ., softening of the stomach. Sof¬ 
tening of the bones may have various causes: in a formation physiologically analo¬ 
gous to that of the medullary cavity, whereby the hard circumference becomes thin¬ 
ner with age, the medullary cavity wider, and cavities are found in the bone, which 
are filled with granulation or fat cells ; in an enormous new-formation of vessels ; 
in a resorption of the lime salts (halisteretic form of malacia). 


The consequences of atrophies 
are partly local, partly general in character. 

The local influence of atrophies consists for the most part in a dimin¬ 
ished, often wholly arrested function of the part affected. Therefore, 
besides being dependent upon the kind and degree of the atrophy, it is 
especially dependent upon the importance of the parts. 

This influence is so much the greater if the atrophies affect parts which, 
in the intra-uterine state, are "wholly or in part undeveloped. In this 
event, all congenital defects and fissures have their origin. These are 
beyond the limits of our consideration. But in the extra-foetal state also, 
and before the completion of growth, proportionately greater consequences 
follow from the same causes than after complete development: especially 
in the osseous system. Thus arise local arrests of growth in the length of 
bones in young persons in consequence of diseases of the intercartilaginous 
lamella on the epiphyses, etc. (especially suppuration of it and premature 
ossification in osteo myelitis, caries, and necrosis in the extremities ; resec¬ 
tion of joints inclusive of the intercartilaginous layer); shortening of the 
cranial bones, pelvic bones, etc., after previous suppurative or ossifying 
inflammation of them : the various cranial and pelvic deformities. 

The local influence of atrophies, therefore, if we except normal retro¬ 
gressions of the organism (thymus gland, etc.—puerperal uterus), is always 
unfavorable with respect to pre-existent tissues. It is favorable, on the 
other hand, with respect to exudations (pus) and most new-foriuations, 
especially those chiefly cellular (tubercle, cancer): these are thereby dimin¬ 
ished in size or may even wholly disappear. 

The general influence of atrophies depends upon their kind, grade, 
and extent, upon the dignity of the organ affected, upon the possibility of 
reproduction of the destroyed tissues, or of a compensation of their func¬ 
tions. In this connection nothing general can be stated. 

Atrophies occur sometimes alone, sometimes with one or another dis¬ 
turbance of the circulation, or inflammation, or other forms of nutri¬ 
tive DISTURBANCE. The relation of retrograde metamorphoses to circulat¬ 
ory disturbances varies. Many atrophies are results of certain disturbances 
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of the circulation: thus simple atrophy ancl fatty metamorphosis are results 
of anaemia ; pigment metamorphosis a consequence of hypenemia and lue- 
morrliage. Or, atrophies are the conditions of disturbances of the circula¬ 
tion : thus lardaceous metamorphosis is followed regularly by anaemia, etc. 
Or, atrophies are followed by manifold processes. 

Thus, in arthritis deformans (malum senile) there appears at first an atrophy of 
the articular cartilage ; further on, in consequence of the abnormal pressure, etc., 
inflammation of the synovial membraue and subjacent bone, thickening and increase 
in size of the former, hypertrophy of the bone, etc. All this is so much the more 
prominent in the lower extremities, where the mechanical conditions of pressure are 
most often present and most effective. Still more complicated are the conditions in 
RACHITIS : the new-formation of cells, which determines the growth of bone in its 
length as well as thickness, and the formation of the medullary space take place 
here too quickly or at least to too great an extent and too irregularly, whilst the for¬ 
mation of true bone substance does not go on with equal pace, giving rise thereby to 
bending, incomplete or complete fractures of the bones, swellings of the articular 
extremities, etc. 

The causes of atrophies 

lie generally in the fact, either that the tissue-elements do not grow at all 
or not to sufficient extent, or that their retrogression is more active than 
their growth. 

Atrophies are usually distinguished as active and passive. 

The causes of passive atrophies are : 

1. Pressure, which may affect an entire part or only its vessels or 
nerves, is exerted from without or from within, or has its source in degen¬ 
erations and new-formations. Examples are found in all parts of the body, 
in external and internal organs. The small feet of the Chinese women, the 
deformed skulls of many races of people, are effects of this cause. The 
most striking are the atrophies of bony parts : of the vertebral column by 
aneurisms; of the vault of the cranium by the Pacchionian bodies; of the 
articular extremities by abnormal unilateral or uniform pressure, as in long 
standing or sitting, especially during the period of growth, in luxations and 
contractures. This form of atrophy is often seen in the skin over varicose 
veins; in the liver it arises from pressure of contracting connective tissue, 
etc. 


Pressure is the cause of the disappearance of the vessels on the articular surfaces 
during development, to which pressure they are exposed by use of the joints (TOYN¬ 
BEE, Philos. 'Transact., 1841, I., p. 159). If in childhood the various joints are by 
use exposed to pressure, these vessels recede, and in the adult are found only in the 
margin of the articular cartilage. (Under various diseased conditions the vessels are 
formed anew). Also in the explanation of a number of acquired deformities of the 
joints, abnormal pressure plays an important part. Such anomalous differences of 
pressure cause an irregular growth of the articular extremities: since where the 
pressure is abnormally strong, growth is less, where it is diminished, growth is pro¬ 
moted. If the level of ossification sinks somewhat on one side, and rises on the 
other, the joint becomes oblique. 

2. Want of nourishment chiefly, diminished supply of nutritive mate¬ 
rial. This is either general or local. In the former case the cause may 
reside without the body (poverty, hunger), or in disorders of the body itself 
(stenosis of the higher organs of digestion, refusal of food in insanity, etc., 
general anaemia from different causes). Sometimes a quantitative, sometimes 
a qualitative diminution of nourishment is present: with respect to the 
latter a deficiericv of linm especially appears to be injurious. Examples of 
19 ‘ 
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locally diminished supply of nutriment are furnished in all forms of anae¬ 
mias, especially those dependent upon chronic arteritis; venous liyperae- 
mia, since here an insufficient amount of blood flows into the parts; 
haemorrhage and dropsy, in so far as they cause pressure upon parts and 
anaemia. 

C 11 oss at showed that if young growing hens are fed for months with washed feed 
and distilled water, the bones become thin, soft and fragile. According to Wegener 
( Virch. Arch., 1872, LV., p. 11), under the simultaneous influence of feeding with 
phosphorus and deprivation of inorganic substances, e.fj ., chalk, the mode of growth 
of the bones suffers a change which corresponds with rachitis in man. 

3. Digestive disorders act in a similar manner (most febrile diseases; 
many acute and chronic diseases of the stomach and intestinal canal, liver, 
and pancreas; many diseases of the brain, heart, lungs); also disturbances 
with respect to resorption (numerous diseases of the heart and lungs con¬ 
nected with venous hyperaemia of the abdominal organs; many diseases of 
the liver, stomach, and small intestines, and of the mesenteric glands). 

4. Exhausting evacuations (haemorrhages, excessive secretions and 
excretions, e.g ., excessive lactation, diabetes, albuminuria, great exudations 
and ulcerations). 

5. Concussions (see Calcification). 

The causes of active atrophies are : 

1. Lessened function and diminished local irritation: thus bones, mus¬ 
cles, and nerves undergo atrophy when they are not used. In consequence 
of insufficient use for years, whole extremities not infrequently are atro¬ 
phied (aplasia of inactivity), especially the lower extremities after chronic 
inflammation of the joints, after caries in children, the fingers of adults in 
severe arthritis deformans / the extremities of bones in stumps after ampu¬ 
tation, those which diminish in pseudarthrosis; likewise the lower jaw, after 
loss of the teeth ; the orbits decrease in size after loss of the eyeballs, the 
cotyloid cavity after unreduced luxation of the hip-joint. In like manner 
is the inactive portion of the intestine atrophied in artificial anus. Like¬ 
wise, the testicles grow smaller after an abstinence for years from coition, 
especially in the later years of life and after previous activity. 

If, in consequence of the changed condition of the intermediate lamina of the 
joint a part of the articular cartilage never comes in contact with the opposite 
cartilage, the cartilage becomes atrophied : it becomes fibrous, its cells fatty, and 
the tissue is finally entirely lost (Henke). Consult Volkmann, in Pitiia-Bill- 
rotii’s ITdb. d. Chir ., 1872, II. B., p. (594. 

Bonner and Teissier have shown how great the changes may be, which occur in 
stiff and motionless joints which perform no function. The synovia becomes scanty 
and disappears ; the capsule shrivels; the synovial membrane, through whose ar¬ 
rangement the motion of the joint is only rendered possible, is shortened and finally 
in part or wholly obliterated. Finally, synechias arise between the articular surfaces, 
even bony anchylosis. Concerning hydrarthrosis of stiff joints, consult VOLKMANN 
{Bert. klin. Wschr. , 1870, Nr. 30-31). 

2. Excessive use of parts: progressive muscular atrophy after severe 
straining of the muscles, fatty degeneration of the heart after prolonged and 
increased activity of it, atrophy of the brain after great fatigue of the 
mind, atrophy of the testicles after prolonged onanism, emphysema of the 
lung after habitual crying, etc. 

3. Many substances used in the arts or as medicaments cause atrophy 
(lead,—iodine, mercury, phosphorus, alkalies, ergot). 
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4. Poisons of infectious diseases (small-pox, diphtlieritis, syphilis, etc.) 
are followed by various metamorphoses directly, or by inflammation. 

5. Inflammations not infrequently cause atrophies (see p. 272). 

6. High fever of short duration, or fever continuing for a longer time 
(see Hectic fever). Fever acts by deficient nourishment, increased con¬ 
sumption of the parts, perhaps also in a peculiar manner (heat of fever) : 
the weight of the body decreases, the urea of the urine is generally 
increased. 

7. The influence of the nerves upon disorders of nutrition is in gene¬ 
ral frequently demonstrable. The nerves act perhaps in part directly: 
trophic nerves (sudden blanching of the hair, gelatinization of granulations 
from fright, etc.) ; in part through the vaso-motor nerves (e.r/., section of 
the sympathetic); in part through the nerves of sensation (thereby unno¬ 
ticed influence of external injurious irritants); in part through disorder of 
function (e.g., atrophy of paralyzed members); through loss of appetite, 
sleeplessness, etc. Most disorders of nutrition, dependent upon the nerves, 
seem to occur through the vaso-motor nerves. From paralysis of these 
there arises congestive hypersemia with increased temperature, which mostly 
disappears again after quick healing of the nerve-aflection, at other times, 
however, is followed by congestive hypersemia with retarded circulation, 
decrease of temperature, and by nutritive disturbances of various kinds 
(simple consumption, fatty metamorphosis, etc.). 

Experimental investigations have furnished numerous proofs of these 
views. 

As regards the experimental sections of nerves with consecutive atrophy of 
the parts supplied, the parts indicated in the chapters on disturbances of the 
circulation (p. 175), on inflammation (p. 244), on gangrene, are to be consulted, besides 
the known works of Magendie. Sciiiff, and Meissner. According to Obolensky 
{Med. Ctrlbl ., 1867, No. 82), section of the spermatic nerve with removal of a piece 
of it, induces fatty degeneration of the peripheric portion, and, in consequence of 
the destroyed innervation, in spite of the integrity of the vessels, the same degenera¬ 
tion of the epithelium of the glandular tubes of the testicles, as well as of the 
epididymis. Thereby the glands are atrophied, and not the interstitial tissue which 
sometimes is transformed into fat-tissue. Landois and EuLENBERG observed in 
frogs, rabbits, and dogs, after section of the sciatic nerve, great disturbances of nu¬ 
trition, even gangrene of the foot. Simple section of the great nerve trunks of a 
member or organ leaves, moreover, the communication not yet completely destroyed, 
because possibly the nerve-fibres presiding over the vegetative processes follow pecu¬ 
liar courses different from those of the chief trunks. The skin of frogs with 
destroyed brain and spinal cord always becomes gradually smoother, dry, and dis¬ 
colored; it feels like parchment and stiff (Goltz, etc.).— Mantegazza ( Giorn. 
veneto di sc. Med., 3 t. b., 1867) observed, after section of the sciatic, changes 
also in the connective tissue, periosteum, bones, and lymphatic glands. 

After experimental nerve-section, various changes of the muscles have been found. 
Mantegazza found them smaller, their nuclei and the connective tissue, increased ; 
V ulpian observed besides an increase of the fat-cells, likewise Erb and lately Biz- 
zozero and Golgi ( Oestr . med. Jahrb ., 1873, p. 125). The latter observed some 
muscles in rabbits, 11 months after the section, almost entirely transformed into 
fatty tissue. 

Clinically, and, to a less extent, by patliologico-anatomical observations, 
a number of atrophies have been demonstrated, which are the conse¬ 
quences of the interrupted influence of vaso-motor, or trophic nerves. 
The same occur in many of the common cerebral and spinal paralyses, 
but, above all, in those of the peripheric nerves. In old hemiplegias 
the epidermis is often dry, rough, and scaly, the nails curled, fissured, and 
brittle ; the extremities become thin, especially with simultaneous contrac- 
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tures. In spinal paralysis all these symptoms are for the most part still 
more strongly pronounced, so that there frequently result bed-sore, or 
gangrene from pressure. This is the most striking and constant in peri¬ 
pheral PARALYSES. In paralysis of the facial nerve the paralyzed half of 
the face is more faded and thinner than the normal half; not only the fat, 
etc., but also the muscles are atrophied. In paralysis, e.g., after section 
of one or more nerves of an extremity, the skin of the affected parts is 
cooler (even to many degrees), and bluish-red, and the muscles are atro¬ 
phied, etc. 

Mitchell, Morehouse, and Keen ( Gunshot Wounds and other Injuries of Nerves, 
1864) communicate interesting cases of traumatic lesions of nerves and their influ¬ 
ence upon nutrition. Consult also Secchi, Die dutch Neroenverletzungen bedingten 
Functionsstorungen und tropkischen Ilautveranderungen, Bresl. Diss., 1869. 

According to Notiinagel (Arch. f. Psych, u. Nervenkrkh. , II., 1 H., p. 29) atrophy 
in parts which are the seat of a neuralgia, depends upon the simultaneous partici¬ 
pation of the vaso-motor nerves. In two cases of sciatica, the extremity became 
pale with the appearance of pain, and felt cold; there was also a subjective feeling 
of cold, at the same time a feeling as though the part were dead, insensibility, and 
irritation. The sensibility was also objectively lowered, so that light touches were 
not at all felt, strong pinching only slightly. 

Alopecia senilis coincides with the region of the frontal nerve ( 0 . Simon). 

[Consult: Mitchell, Injuries of Nerves, Phila., 1872.] 

To this class also belong many forms of disease rarely occurring, but which 
by their symptoms, extent, etc., are highly characteristic and very evident to 
the senses, tropho-neuroses : many deformities, atrophia lateralis cruciata , 
unilateral atrophy of the face or of an extremity, glosso-pharyngeo-labial 
paralysis, muscular atrophy, essential infantile paralysis. In these cases 
the change resides, differently, sometimes in the sympathetic, sometimes in 
the anterior ganglion cells of the spinal cord, sometimes in determined parts 
of the medulla oblongata. 

[ Vide paper by Editor, On Spinal Paralysis, Trans. N. Y. Acad, of Med. 1874.] 


In a series of deformities, with the absence of certain parts of the spinal cord and 
their nerves, there are also wanting the corresponding voluntary muscles, whilst 
bones, cartilage, vessels, and skin are normally developed. A rare but striking kind 
of atrophy exists as crossed lateral atrophy (atrophia lateralis cruciata), i. e ., 
atrophy of half of the cerebrum in atrophy of the opposite half of the cerebellum, 
spinal cord, nerves, muscles, and bones. Hemiatropiiia facialis consists in a 
circumscribed total, fixed or progressive atrophy of the skin (or mucous membrane , 
muscles and bones (even the teeth), with complete integrity of the remainder of the 
body, and with normal motility and sensibility of the atrophied parts : e.g., atrophy 
of one cheek, or of one half of the whole head and face, sometimes at the same 
time with that of the tongue and lower jaw; or, the atrophy affects an extremity 
(observations of Cii. Bell, Himly. Lobstein, Romberg, Stilling, Virchow, 
Bergson. Barwinkle, Seeligmuller, Brunner, Emminghaus, and others [ D . 
Arch. f. Min. Med., 1872, XI., p. 96]). According to Barwinkle, in such cases the 
affected ganglion is diseased ; according to Brunner, it depends upon a permanent 
state of irritation of the cervical sympathetic. In a man 35 years old, otherwise 
healthy, I saw a case perhaps belonging in this connection, where there was com¬ 
plete wasting of the greatest part of the right inferior maxilla after previous falling 
of the teeth, and without phenomena of inflammation, suppuration, and gangrene. 

In progressive muscular ATROPHY the cause of the wasting of the muscles 
likewise resides in the nervous system : according to Cruveilhier, Sappey, Reck¬ 
linghausen, and others, in the anterior roots of the spinal nerves ; according to 
SCHNEEVOGni', Remak, Jaccoud, and others, in the sympathetic ; according to 
Valentiner, Virchow, Frommann, Friedreich, and others, in the spinal cord. 
In ATROPHIA MUSCULORUM LIPOMATOSA, BaRTII (Arch. d. Ileilk., 1871, XII., p. 
121) found an atrophy in the anterior and lateral columns of the spinal cord. 
Tn essential paralysis of children, Charcot, Joffroy, Vulfian, Recklinghausen, 
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Barth, found degenerations in the anterior horns, antero-lateral columns, and ante¬ 
rior roots of the spinal cord. According to Eulenberg {Berl. klin. MVsckr. , 1872, 
Nr. 2) the centres of nutrition of muscles lie in the cells of the anterior horns and 
extend outward through the anterior roots. 

[Consult Hammond, A Treatise on Diseases of the Nervous System. Gth Ed. X. Y., 
1875, p. 449 et seq. —Ed.] 

The above view, according to which atrophy in the nervous system is primary, 
that at the periphery secondary, has many opponents. The latter assume a directly 
opposite relation. Many observations support this view. Thus, according to V UL- 
pian {Acad, des Sc. Paris , 26 Febr., 1872), after amputation of the limbs there is a 
shortening of the diameter of the corresponding half of the spinal cord, especially 
of the posterior columns and posterior horns, dependent upon simple atrophy. Sec¬ 
tion of the larger nerves of an extremity is, according to V., followed by the same 
consequences. 

Not infrequently, in special cases, many causes of atrophy are present at 
tlie same time. In children ( paxlatrophia ) atrophy not infrequently appears 
without other disorders of the body than slight intestinal catarrhs, whilst 
at other times the most extensive changes are found in the lungs, intestinal 
canal, and lymphatic glands. Among the former cases there are many 
which follow from typhoid fever, where, under increasing atrophy of high 
grade, death appears, and no farther causes are shown by autopsy. 

In old people, an atrophy of all tissues occurs normally and slowly : so- 
called marasmus senilis. But a somewhat similar condition, with febrile 
movement, sometimes occurs in an acute manner: so-called morbus climac- 
terius. 


A. SIMPLE, OR PURE (QUANTITATIVE) ATROPHY. 

(Atrophic hardening, sclerosis, induration, obsolescence, cornification, 
collapse. —Ciieesy degeneration, tubercularization.) 

Canstatt, Art. ‘‘ Atrophie ” in Wagner’s Handle, d. Phys. , 1842, I., p. 27. — 
Ecker, Arch. f. Phys. lleilk. , 1843, II. — Virchow, Wiirzb. Verh ., I., p. 85; II., p. 
72. —Buhl, Ztschr. f. rat. Med., 1856, VIII., p. 1. —Forster, Virch. Arch., 1857, 

XII., p. 197. 

Simple or pure atkophy is characterized by a decrease at first of the 
fluid, later of the formed elements of tissues, without simultaneous essential 
chemical changes. Thereby the affected tissues or organs become smaller, 
firmer, dryer, but retain their essential texture; they, for the most part, 
become poorer in blood, rarely richer in blood, because of the growing 
smaller of the remaining parts of the tissue ; they suffer in their functional 
capacity. 

Simple atrophy frequently occurs, and affects normal as well as new- 
formed tissues. 

The causes of simple atrophy are, in the main, decrease of nutritive mate¬ 
rial (hunger, excessive loss of fluids, as especially in diabetes, deficiency of 
bloodvessels, diseases of the vessels), in consequence of which there is a 
deficient new-growth (so-called aplasia), as in senile atrophies. Simple 
atrophy has been observed in the testicle, in consequence of over-exercise 
of function. These atrophies arise also in consequence of diminished 
performance of function: thus, in the bones, joints, nerves, genitals, from 
various causes. More rarely, simple atrophy depends upon an increased 
retrograde formation, which occurs most strikingly through long-continued 
pressure upon tissues (atrophy of all tissues, especially also of the bones by 
tumors and aneurisms, by intentional external pressure, e.g. , upon tumors, 
callus, etc. ; Atrophy of the kidneys in hydronephrosis, atrophy, so-called 
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red or cyanotic, of the liver in congestion of the hepatic veins, biliary in 
accumulations of bile, etc.). The causes of simple atrophy of many new- 
formations are partly these, pai'tly those which consist in a peculiar dispo¬ 
sition of the whole organism (see Scrofulosis). 

(Consult Inanition, Diabetes, Ischaemia, etc.) 

Of especial interest with respect to the course of fibres in the brain and spinal 
cord is the degeneration of the spinal cord, first demonstrated by Turck ( Zlschr. d. 
Ges. d. Wien. Aerzte, 1850, I. H. ; Wien. acad. Sitz.-Ber., 1851, p. 288. See also 
Bartii. Arch. d. Heilk. , 1809, X., p. 438.). Degeneration proceeds finally to the 
complete disappearance of the medullary sheath. It is a result of the arrested 
function of the affected parts, begins some weeks after the diseases acting as causes, 
and is after some months completely developed. In primary diseases of the thalami 
optici, corpora striata, etc., certain bundles of the pons and of the medulla oblongata 
are atrophied, the posterior parts of the lateral columns of the spinal cord on the op¬ 
posite side, etc. 

[Consult Bouchard, Secondary Degenerations of the Spinal Cord. Transl. from 
the French by E. II. Him, M.D., Albany, 1809 .—Ed.] 

Simple atrophy of normal tissues occurs physiologically : at all ages 
in the hair, in the upper layers of the skin, and of the mucous membranes 
with laminated pavement epithelium ; in the foetal state in some vessels 
(umbilical vessels, ductus JSotatti , etc.), in the Wolffian bodies, etc. ; during 
the first years of life in the thymus gland, in the milk-teeth ( dentes deci- 
dui), in the vessels of the synovial membranes, etc. ; at certain periods of 
life, especially in old age, in almost all tissues, from the fiftieth year in the 
genitals, especially the mammary glands and ovaries. 

As a cause of second dentition, beginning in the seventh year of life, there has 
been demonstrated an obliteration of the branch of the dental artery : thereby the 
roots of the deciduous teeth disappear and the crowns become loose and fall off. An 
ossification of the tooth-pulp appears to precede the falling out of the teeth of old 
people ; the new-formed bone-substance is like the dentine, nevertheless is less uni¬ 
form and contains also radiate bone-cavities (Nasmyth). 

Pathologically, simple atrophy is present in various tissues as emacia¬ 
tion, and as premature marasmus of age, after severe acute and chronic 
diseases (typhoid fever, etc.,—pulmonary phthisis, diabetes, etc.). Some¬ 
times it occurs locally from various causes (especially pressure from with¬ 
out, or through internal forces: most distinctly in the skin over large 
tumors—disappearance of the supplying nutritive or functional vessels, 
interstitial connective tissue growth). Many metamorphoses of mucous 
surfaces into membranous forms also belong to this category. 

Mechanical forces, according to Mendelsohn, are also the causes of pulmonary 
emphysema. During over exertion of the body, playing of wind instruments, 
attacks of coughing, etc., the glottis is narrowed and lower portion of the thorax is 
contracted through action of the abdominal muscles. The air, which can only in part 
escape, or not at all, through the glottis, is thus compressed into the upper lobes of the 
lungs, whose elastic tissue become gradually relaxed, and this is followed by a perma¬ 
nent distention of the alveoli. Accordiug to Isaakssohn ( Virch. Arch., 1871. LIII., 
p. 460), pulmonary emphysema depends upon a peculiar wasting of the vessels, con¬ 
nected with thrombosis. 

Menzel (Arch. f. klin. Chir., 1871, XII., p. 990) further observed experi¬ 
mentally the joint-affection arising from continued rest of the joints, which had 
already been observed by J. Cloquet ( Dict.de Med., 1821, VI.), Teissier (Gaz. 
mild, de Par., 1841, p. 609 u. 625), Bonnet ('Jr. d. mal. d. artic., 1855), and Volk- 
mann (Berl. kl. Wschr., 1870, No. 33 ff.). He inclosed the joints in plaster and 
examined them after 11-68 days. The immovability was never dependent upon the 
synovial membrane or ligaments, but particularly upon changes in the cartilage. 
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The synovial membrane was always greatly swollen and reddened. The cartilages 
were fawn-colored and dull. They showed microscopically, fibrous or ligamentous 
destruction of the basis substance, and proliferation of cartilage-cells. 

In children, the epiglottis is often indented on the sides, partly turned over with 
its borders somewhat curled, and projects with its free posterior borders very far 
backward. According to Riegel, this form of epiglottis frequently occurs in 
tuberculous adults and represents a deficient development only—a permanent condi¬ 
tion of an earlier form belonging to childhood {Bed. klia. Wschr ., 1872, No. 20 et 
21 ). 

Simple atrophy affects cells, basis-substance, fibres of all kinds. In 
particular: epithelium of every kind; gland-cells, especially of the liver, 
kidneys, mammary glands, testicles, lymphatic glands, spleen; connective- 
tissue corpuscles ; fat-cells (upon the atrophy of which common emaciation 
is dependent); of the basis substances, those of connective tissue and bones ; 
of fibres, those of striated and smooth muscles, nerve-fibres. 

The microscopic processes are not yet entirely known. Common cells 
(epithelium, gland-cells) become smaller, even like nuclei, or laminated, 
sometimes clearer, sometimes more granular, with increased resistance to 
reagents. In fat-cells, instead of simple large fat-drops, there are seen 
many medium or numerous small fat-drops, suiTOunded by a serous liquid; 
finally the fat-cells again become connective-tissue corpuscles; their con¬ 
nective tissue becomes for the most part more abundant. Muscle-fibres 
become smaller, lose their transverse striation, not infrequently also the 
longitudinal strhe become softer and more fragile; they are sometimes 
pale, sometimes contain the ordinary pigment and inter-connective tissue 
in greater quantity, as well as often numerous nuclei. Nerve-fibres like¬ 
wise become smaller and poorer especially in medulla, or lose it altogether: 
this is seen with especial clearness in gray degeneration of the posterior 
columns, as well as in secondary atrophy of the spinal cord. The con¬ 
nective tissue, capillaries and gland-membranes become denser, more 
fibrous, with increased resistance to reagents; the connective-tissue corpus¬ 
cles become smaller, nuclear. In the lungs, atrophy of the tissues leads to 
dilatation of the alveoli and to the final disappearance of the tissue 
between two alveoli, with the formation of a communication between 
them. 

In atrophied fat-tissue and in disappearing bone-tissue, in the latter 
physiologically, processes of growth accompany the atrophy : atrophic 
growth of fat-tissue, and the multinuclear giant cells of bone. (See New- 
formations.) 


In PAVEMENT epithelium, atrophy is observed macroscopically and microscopi¬ 
cally with especial distinctness in cicatrices of various kinds, also in syphilitic infil¬ 
trations (so-called plaques) of the mucous membranes of the mouth and soft palate. 

In GLAND-CELLS, simple atrophy is most distinct in high grades of congestive 
hypersemia (e.g. , of the liver), in bloodvessels, which have suffered extensive fatty 
degeneration, and in the neighborhood of new-formations. The highest degree of 
this atrophy, i. e. , nn entire absence of the liver-cells, is furnished also by the red 
substance of the liver, in acute yellow atrophy of that organ (Zenker, D. Arch. f. 
Min. Med., 1872, X., p. 100). 

Concerning atrophy of fat-tissue, consult the investigations of Flemming 
(Arch. f.Micr. Anat ., 1870, VII., p. 82). Besides the common retrograde meta¬ 
morphosis, F. observed that sometimes the fat-cells may again lose their membrane : 
they are finally represented by membraneless, nuclear heaps of fine fat-globules. 
Flemming (lb ., 1871, VII., p. 328) found, besides serous atrophy of the fat-cells 
(the usual form of their atrophy), another very frequent and perhaps constant form, 
which he calls atropiiic growth. It consists in this, that in some of the atrophic 
fat-cells, instead of the old nucleus, many nuclei appear, sometimes so many that the 
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whole space between the fat and cell-capsule is filled by them; in others, the fat is 
as if pressed by the mass of surrounding' nuclei or small ceils; finally, iu many the 
fat has entirely disappeared and is supplanted by an accumulation of denser young 
cells equal in size to the full fat-cell. The offspring of the fat-cell for the most part 
become migrating cells, in part also fixed connective tissue cells. The same forms 
are furnished by fat-tissue in artificially induced inflammation. 

Flemming ( Virch. Arch., 1872, LVI., p. 146) describes also a peculiar atrophy 
of the capillary meshes in fat-tissue : after the filled fat-cells have disappeared by 
suppuration, etc., the meshes grow smaller until diminutive spaces are left. 

Huge ( Virch. Arch., XLIX., p. 267) found, by comparative measurements of 
amputation preparations, that an atrophy also appeared in bones through inactivity, 
and that the bone was atrophied as with age, and by intercellular resorption (contrary 
to expansion xn young bone). 

According to Neumann ( Wien. acnd. Sitzgsher., 1869; Wien. Med. Zfg., 1869, 
No. 6), hair-follicles and connective tissue shrink in the senile changes of the skin of 
man and allow of the formation of wrinkles; in like manner, the epidermis, rete 
Malpighii and sweat-glands shrivel. The elasticity of the skin diminishes. Dilata¬ 
tion of the vessels in the skin of old people is, according to many, depeixdent upon 
a rarefaction of the connective tissue. 

Many forms of simple atrophy occur in the HAIR : calvities, baldness from 
natural causes, as in old people, in consequence of an atrophy of the hair-follicles; 
dejtuvium capillorum, falling out of the hair in consequence of febrile and constitu¬ 
tional diseases (especially typhoid fever, constitutional syphilis); alopecia, falling 
out of the hair from local causes and in limited parts, and through inflammation of 
the skin or hair-follicles (erysipelas, eczema, etc.), througli vegetable parasites 
(herpes tonsurans, etc.), through pressure of exudations and tumors, through inter¬ 
rupted nervous influence. Willan calls the latter form porrigo decaleans, Cazenave 
vitiligo, Barensprung area Celsi. The anatomical changes are the same as iu the 
atrophy of age (Rindfleiscii. Arch. f. Dermatol, u. Syph.. 1869, I., p. 486). (Con¬ 
sult Barensprung, Ann. d. Char., 1857, VIII., 8. H. p. 59.) 

Bamberger and Recklinghausen {Wien. Med. Presse, 1869, No. 27 et 28) 
found in two cases of progressive muscular atrophy a diminution of the muscular 
fibres. Fatty degeneration of them and development of fatty tissue between them 
is shown only locally, manifestly as a secondary or inferior condition. The spinal 
cord was normal; the anterior roots of the nerves appeared in one case highly 
atrophied, in the other normal. In the nerves of the muscles, on the other hand, 
there were found single atrophied nerve-fibres, which had suffered fatty degenera¬ 
tion. 

Buiil ( Lungenentz, u. s. w., 1872) also describes an acute pulmonary atrophy, 
a consequence of a pneumonia, by him called desquamative. To distinguish it from 
the otherwise analogous acute atrophy of the liver, the affected parts of the lungs 
may through atmospheric air experience softening or decomposition. 

The consequences of simple atrophy, with respect to the affected tissues 
and organs, vary greatly with the form and dignity of the latter. Its in¬ 
fluence upon the organism is likewise determined in the same manner. 

Simple atrophy has many resemblances with collapse, which for the 
most part appears very suddenly in extensive haemorrhages, sweating, 
evacuations from the stomach and intestine (Asiatic cholera), but depends 
upon a mere diminution of the watery constituents. 

In consequence of continuous lying on the back, collapse appears in the posterior 
parts of the lungs and succeeding inflammatory infiltration. For the horizontal 
position causes a diminution of the thoracic space, by forcing toward each other 
the anterior and posterior walls, as well as by allowing the abdominal contents in 
this position by gravitation to press against the diaphragm. (Bartels, Per. d. 
Naturf. Vers., 1872, p. 161.) 

Simple atrophy of exudations and new-formations affects cellular and 
fibrous tissues. 

Among the cell-formations, particularly worthy of note, are the cells 
of pus, those of many lymphomata, those of syphiloma, of tubercle, and 
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of cancer. If the cells lie in a fluid basis substance, as pus-corpuscles and 
cancer-cells, this fir st disappears. Thereupon the cells (or nuclei) lose first 
a part, then the whole cell-contents: they become thereby smaller, flat, 
remain rounded or become irregularly angular and more strongly refrac¬ 
tive, and are less susceptible to the action of reagents. The cell-nucleus is 
indistinctly or no longer demonstrable. Finally, the cells or nuclei thus 
changed are transformed into irregular masses and molecules. At this 
time a supplementary softening sometimes reappears, by means of which 
a resorption occurs, and sometimes a perforation. (If softening does 
not occur, the purulent cell-masses, rarely those of other character, are 
ENCAPSULED, i.e., surrounded by a firm connective tissue poor in vessels.) 

Simple atrophy is often accompanied simultaneously by a molecular con¬ 
dition of the cellular contents, which is fatty, more rarely calcareous and 
pigmentary. 

Purulent exudations, as well as the affected new-formations, become, in 
consequence of this atrophy, wholly or in part changed into uniform or 
punctiform or reticular masses, which are grayish yellow or yellowish, 
homogeneous, dry, firm, or fragile, or cheesy and bloodless: so-called 
CHEESY metamorphosis or tuberculization. They thereby assume a con¬ 
dition so different from their original one, that they were formerly held to 
be special forms of new-formations (formerly known as raw or crude, now 
yellow tubercle, carcinoma reticulatum, etc.). 

Concerning cheesy metamorphosis, see p. 203. The importance of cheesy meta¬ 
morphosis of pus-foci, with respect to the origin of miliary tubercle, is considered 
under the head of Tuberculosis. 

Tuberculization is, therefore, called simple atrophy, because it is almost con¬ 
stant in tubercle, if this exists for some time, and because it was formerly known 
as tubercle. Yirciiow first demonstrated its occurrence in other tissues and new- 
formations. 

In fibrous new-formations, atrophy affects the cellular parts as well as 
the basis substance : the latter becomes indistinctly fibrous or homogeneous, 
firmer, dryer ; the vessels are partly or wholly destroyed. The entire new- 
formation becomes smaller, paler, dryer, firmer. This change is found in 
newly-formed connective tissue of all kinds, in tendons, connective-tissue 
hypertrophies of the most various organs (granular liver), in cicatricial tis¬ 
sue, where it represents the cicatricial retraction so important in sur¬ 
gery; further, in connective tissue of tumors, as well of those which are 
entirely formed of it, as in those where it exists only as stroma. (See Col¬ 
loid cancer.) 


B. DEGENERATIONS, OR QUALITATIVE ATROPHY. 

(Degenerations, metamorphoses, infiltrations.) 

Degenerations are characterized not merely by change of texture, but 
by simultaneous chemical changes of the parts. The substances which ap¬ 
pear in the tissues, usually in the place of the normal albuminous 
bodies, are fat, cholesterin, calcareous salts, mucous and colloid substance 
and others; pigment. These substances arise either through a metamor¬ 
phosis of the albuminous bodies (e.g., fat in fatty metamorphosis, mucus), 
and then resemble the affected physiological substances. Or, they are depos¬ 
ited from out of the blood into the tissues (thus blood-pigment, chalk, fat in 
fatty infiltration, according to many lardaceous substance): either because 
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the blood leaves the vessels in an abnormal manner {e.g., haematoidin), or 
because the blood contains these materials in excessive quantity ( e.g ., fat 
in fatty infiltration), or because many tissues abstract the substances in 
question from the blood with especial energy ( e.g., the lardaceous sub¬ 
stance). 

Another change, besides, is to be mentioned here, which may with almost 
equal right be included among the inflammations. We treat of it here, 
since it more or less constantly introduces other degenerations, especially 
the fatty, and since it frequently occurs without the other phenomena of 
inflammation. It is the so-called 


a. albuminous infiltration (or degeneration): 

(cloudy swelling, granular albuminous metamorphosis, parenchymatous inflamma¬ 
tion). 

Virchow, Arch., 1852, IV., p. 2(51, and in other places.— Burn,, Ztsclcr. f. rat. 
Med, 1856, VIII., p. 1. ; Klinik d Geburtsk., 1861, p. 231. 

Albuminous infiltration consists in a filling of the tissues with mole¬ 
cular albumen. The molecules are exceedingly small, for the most part 
very pale, rarely dark; they disappear in acetic acid and potassa; they are 
not changed by ether; are colored red by sugar and sulphuric acid. By 
this infiltration the tissues become more or less clouded, opaque, and increased 
in size. 

Albuminous infiltration affects cells of all kinds, especially those of the 
deeper epithelium of the skin, mucous membranes and glands, connective 
tissue corpuscles, even the basis substance of the latter, smooth and trans¬ 
versely striated muscle-fibres, etc. 

Microscopically, epithelial and gland-cells, as well as endothelium, show 
a less distinct contour; they lose (in consequence of unknown changes of 
the cement) at the same time their adhesion one to the other and to the 
glandular membranes; their nuclei and nucleoli experience the same 
change or remain normal (or show segmentation), but for the most part are 
not visible, or only after the action of acetic acid, because of the dense 
filling of the cell-contents with albuminous molecules. Thereby the cells 
become larger and their forms are not infrequently so irregular (in conse¬ 
quence of mutual pressure), that their original forms are no longer recog¬ 
nizable. In still higher grades of degeneration the cells disappear, especially 
after the addition of water, so that under the microscope almost only free 
nuclei are visible. The basis substance retains its normal consistence or 
becomes somewhat softer; that of cartilage not infrequently shows the 
same cloudiness as the cells. Muscle-fibres suffer like changes; they be¬ 
come broader, softer; their transverse striation becomes more indistinct. 

To the naked eye the organs thus changed afford no character entirely 
peculiar: for the most part they are slightly enlarged, somewhat softer, or 
distinctly so, sometimes richly supplied with blood, sometimes poorly sup¬ 
plied, sometimes with normal blood-contents; transparent parts, like the 
cornea, vitreous, articular cartilage, are clouded; the normal lustre of the 
organs, as of the liver and kidneys, appears dulled. 

Cloudy swelling affects sometimes only a part of a tissue or organ, some¬ 
times it affects them throughout their whole extent. 

It is especially important in the large glands, e.g., the liver and kidneys, 
heart and other muscles. 

The causes of albuminous swelling are local (many excitants of inflamma- 
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tion), or general (severe acute diseases, especially those with very high tem¬ 
perature, as typhoid fever, scarlet fever, primary and secondary erysipelas, 
many forms of puerperal fever, the puerperal infection of the new-born; 
many cases of pyaemia; severe chronic diseases, especially of the lungs and 
heart; chronic anaemia; poisoning with phosphorus, arsenic, mineral acids, 
etc.). The special causes lie for the most part in an increased supply of 
blood and nutritive material, which is not consumed in sufficient quantity; 
or in a supply of changed blood. 


Liebermeister (D. Klin., 1859, No. 46, and Arch. f. klin. Med., 1866, I., p. 461 
et 543) insists that an excessive elevation of temperature is the cause of the malig¬ 
nant course of a great number of acute febrile diseases. M. Scuultze and others 
have directly demonstrated, with the help of the warming apparatus of the micro¬ 
scope, its deleterious influence upon cellular forms. 

Albuminous infiltration runs its course sometimes in a very short time, 
i.e., within a few hours, sometimes it is developed within a few days, some¬ 
times it becomes a chronic process. 

In a woman, thirty years old, previously healthy, who had died six hours after burn¬ 
ing (second to third degree) of the whole surface, I found the muscle-fibres of both 
ventricles of the heart uniformly and greatly clouded by molecular albumen in great 
quantity, and fat in small quantity; the cortical tubules of the kidneys were uniformly 
dilated, and filled with molecular albumen in great quantity, and fat in small quantity, 
and free nuclei. Most internal organs were full of blood. 


After albuminous infiltration has lasted a variously long time (hours, 
days, weeks), the parts either return to their normal condition, if they have 
not been too greatly changed (healing of the affection in epithelial cells of 
the mucous membranes, especially in acute catarrh of these cells, parenchy¬ 
matous inflammation of glands of all kinds, as of the salivary glands, milk- 
glands, liver, kidneys, lymph-glands, of transversely striated muscles, etc.). 
Or, they are metamorphosed into a soft mass, which is resorbable. Or, 
if in the meanwhile life is not destroyed, there appear farther changes, 
which sometimes are of a retrograde nature: particularly fatty metamor¬ 
phosis of epithelial and gland-cells, lacerations, e.g., of muscles, softening 
of basis substances; sometimes of a progressive nature : growth of cellular 
parts. 

The infiltration appearing in consequence of obstruction of the ductus choledochus, 
etc., as well as acute yellow atrophy of the liver, likewise belongs to this discussion: 
in the lower grades of the latter, which are not infrequently present in typhoid fever, 
pyaemia, puerperal fever, etc. (Buhl), the essential disease consists in. an albuminous 
infiltration, and in the presence of large quantities of bile in the liver-cells, without 
or with slight fatty metamorphosis; in the higher grades, those only known before 
Buhl, there is a destruction of the cells and resorption of the detritus. Forster 
(lldh. d. path. Anat., 2 Aufl., II., p. 181) describes as chronic parenchymatous hepa¬ 
titis a process analogous to acute yellow atrophy of the liver, and finally leading to 
atrophy and granular condition of the liver without new-formation of connective 
tissue. Many cases of acute and chronic Bright’s disease are wholly analogous to 
those described affections of the liver. Buiil has recently demonstrated the same 
infiltration, etc., also in the lungs, where it forms the so-called desquamative or 
parenchymatous pneumonia (see p. 280-1). 

The influence of albuminous infiltrations upon the whole organism is 
determined especially by their degree and extent, as well as by the kind of 
organ attacked. Perhaps, also, it is dependent upon an overloading of the 
blood, with products of decomposition of the affected tissues (e.g., muscles). 


300 


FATTY INFILTRATION. 


b. FATTY INFILTRATION AND FATTY METAMORPHOSIS. 

Reinhardt, Traube's Beitr. z. exper. Path, 1846, 2 II. ; Virch. Arch., I., p. 20. — 
Virciiow, Arch., 1847, I., p. 04 ; VIII., p. 537 ; X., p. 407; XIII., pp. 266 et 288 ; 
War zb. Verh., III., p. 349.— Aran, Arch, gen., 1850. — Quain, Med.-Chir. Transact., 
1850, XXXIII., p. 121. —Heschl, Ztschr. d. Wien. Aerzte.. 1852.— Barlow, On 
Fatty Degeneration , 1853.— Miciiaelis, Prog. Vjhrschr., 1853. IV., p. 45. — Buhl 
(see p. 298).— Hoppe, Virch. Arch., 1855, VIII. p. 127; XVII., p. 417. — Oppen- 
iieimer, Ueb. progr. fettige Muskelentartung, 1855. — Wijndt, Virch. Arch., 1856, 
x., p. 404.— O. Weber, Virch. Arch., 1858, XIII., p. 74; XV., p. 480. —Battciier, 
Virch. Arch., 1858, XIII., pp. 227 et 392. — Rokitansky, Ztschr. d. Ges. d. Wien. 
Aerzte, 1859.— Walther, Virch. Arch., 1861, XX., p. 426. — Mettkniieimer, Arch, 
f. tciss. Ileilk., I.— Voit, Z. f. Biol., 1869, V., p. 79. 

Fatty infiltration, i.e., the filling of tissues with fat which comes from 
without through the blood, and fatty metamorphosis or fatty degenera¬ 
tion, i.e., the transformation of albuminous into fatty substance in the 
interior of tissue elements and by their peculiar activity, differ with respect 
to cause, nature, and consequences, but in all cases are not separable. 
Finally, fatty infiltration passes in some tissues imperceptibly into hyper¬ 
trophy and new-formation of fatty tissues. 

1. Fatty infiltration is characterized by a deposit from the bloodvessels 
into the tissues, especially cells, of fat : either because fat is supplied to the 
tissues in too great quantity (through food rich in fat), or because the fat 
is not duly consumed by the tissues (e.g., in age, in inactivity, e.g., of the 
muscles). 

Microscopically, fat infiltrated into the tissues lias mostly the form 
of large, sometimes very great drops, which easily coalesce. The cell, 
in moderate degrees of fatty infiltration, retains its normal vitality and 
functional activity. In the higher degrees, the cell contains only fat, mostly 
in form of a single large drop, with the nucleus pressed against the cell- 
membrane : therewith its functional activity is naturally destroyed. The 
connective tissue corpuscles are changed in this manner immediately or after 
preceding division into fat-cells, which then may permanently remain. Gland- 
cells, e.g., those of the liver, in the highest grades of this infiltration, are 
like fat-cells, but may probably return to the normal state. Whether 
gland-cells are finally destroyed in consequence of fatty infiltration alone, 
has not yet been proven. Clinical experience, e.g., with fatty liver, shows 
that this is not commonly the case. 

Macroscopically, the lower grades of fatty infiltration are not to be recog¬ 
nized. In the higher grades, the affected tissues and organs assume a light 
yellow color, are more or less enlarged, deprived of blood, and softer. In 
partial fatty infiltration of organs various forms appear, especially dependent 
upon the presence of ansemia and hyperaemia in the surrounding tissues. 

Physiologically, fatty infiltration is found in its lower grades in the in¬ 
terstitial epithelium during digestion, in liver-cells, subcutaneous, subserous, 
subsynovial, etc., connective tissue, in the cartilage-cells of man, in the 
kidneys, etc., of some animals: it is either transient, lasting only a few 
hours, as in the intestine and liver, or permanent, as in the localities last- 
mentioned. 

Whether all the fat infiltrated into the liver-cells is supplied by the portal vein, as 
appears to be proven with respect to the physiologically fatty liver of mammals 
(G-luge, Kolliker), is doubtful, since Tscheiunoff has demonstrated that the use 
of sugar as food increased the fatty contents of the liver still more than the more 
abundant use of fat. 
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As a diseased condition, fatty infiltration (of the epithelium of the small 
intestine) occurs in liver-cells, epithelium of the gall-bladder; partly also in 
renal epithelium, connective-tissue corpuscles, etc. ; partly from unknown 
causes, partly in consequence of abnormal accumulation of fat in the blood. 
Of especial practical interest is fatty liver in its higher grades. It is found 
in alcohol-drinkers, in general fatty degeneration, sometimes in chronic 
pulmonary tuberculosis, in acute phosphorus poisoniug, and in acute trichi¬ 
nosis. In paralysis, fatty infiltration is met with in the muscles. 


Various theories exist respecting the causes of fatty liver. It is either dependent 
upon a too great quantity of fat in the blood, as in habitual eating and drinking. Or, 
it has its foundation in an imperfect oxidation of the fat taken as food, as in many 
pulmonary tuberculoses. According to many, there exists in such cases a direct 
metastasis of fat: the fat is resorbed, e.f/. , in panniculm ndiposus , in one part and 
deposited into another, the liver (Rindfleiscii, Lehrb ., 1871, p. 50). According to 
O. Naum ANN {Arch. f. Anal. Phys ., u. s. to., 1871, p. 41), the common cases of 
pathologically fatty liver are not to be considered as simple deposits of fat from out 
of the blood, but the fat is produced by a peculiar activity of the liver, or retains at 
least those peculiarities by which it is distinguished from other fats, e.g. , easier 
oxidizability. Pathological fatty infiltrations of the liver have the same signification 
for the diseased organism as the physiological infiltration for the healthy organism : 
they assist nature, being easily assimilable in the diseased body, by supplying neces¬ 
sary fat for its continued preservation. 

2. FATTY METAMORPHOSIS. 

Fatty metamorphosis consists in a transformation of protein sub¬ 
stances into fat-drops, which as to size are very small or molecular, and 
which for the most part do not coalesce, because they still have an albu¬ 
minous envelope. In the higher grades this increases to such an extent, 
that finally the tissue or portion of tissue loses its structure ; thereupon they 
lose this cohesion, and for the most part become resorbed. The function 
of tissues which have suffered fatty degeneration is, with the degree of 
degeneration, diminished or altogether suspended. 

Fat has its origin probably in processes in which the nitrogen of albu¬ 
minous bodies disappears in the form of soluble compounds (urea, etc.), and 
fat remains as a second (insoluble) product of decomposition of albuminous 
substance. 

The proofs of the formation of fat from albuminous bodies are 
partly physiological, partly chemical, partly pathological. With reference 
to the latter, acute phosphorus poisoning is of especial weight. As the 
above assumption was probably made from earlier microscopical investiga¬ 
tions, it has now also been sustained chemically by accurate experiments 
by feeding. 

The physiological proofs are : 

1. Fattening during feeding with sugar and flesh free from fat (Pettenkofer, 
Voit, and others);—the dog excreted during feeding with pure flesh all of its nitro¬ 
gen as urea, but retains a portion of the carbon, and, as it follows from researches 
on respiration, as fat (Pettenkofer and Voit). 

2. The formation of wax (chemically very similar to fat) by bees during feeding 
with albumen and sugar (Fischer). 

3. During feeding with flesh, without fat, the milk (of the dog) is relatively and 
absolutely most abundant in fat. It increases in quantity as its fatty contents 
(Subotin, Kemmerich) ;— the food of cows contains not so much fat as the milk, 
but the decomposed albumen provides for the production of the fat of the milk 
(Voit, Kuhn, Fleischer). 

4. During the development of the ova of the Limnceus stagnalis the fat increases 
three to four fold (Burdacii). 
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5. During feeding of muscida vomitoria with pure calf's blood, the animals acquired 
seven to eleven times greater quantity of fat than the blood contained (F. Hoff¬ 
mann). 

Further proofs are furnished by Fermentation : 

0. During the formation of adipocire in parts of muscles (without diminution of 
volume), fixed fatty acids (QUAIN, VlRCHOW) are found after certain chemical inves¬ 
tigations (Wetiieh ill). 

7. During the transition of casein into cheese, albumen decreases, fat increases 
(researches on cheese by Blondeau ; contradicted but not disproved by Brassier). 

8. During standing of milk its fatty constituents increase (Hoppe, Subotin, and 
others). 

Direct CHEMICAL proofs are : 

9. The formation of the lower members of series of fatty acids by oxidation and 
putrefaction of albuminous bodies, as well as during their decomposition by liquefy¬ 
ing alkalies. 

10. The formation of leucin (belonging to the fatty acids) during putrefaction and 
digestion of albuminous bodies. 

A pathological proof is: 

11. The fatty transformation of tissues in various diseases, e.g. , acute phosphorus 
poisoning, during increase of excretion of urea (Panum). 

Jos. Bauer ( Ztschr. f. Biol., 1871, VII., p. 63) starved a dog twelve days (the 
excretion of nitrogen, decomposition of albumen, had reached a constant, permanent 
minimum, eight grm. daily), and then poisoned it with small doses of phosphorus. 
The excretion of nitrogen then until death increased with tolerably uniformity almost 
threefold (23.9 grm. daily), and the increased excretion of nitrogen corresponded 
quite nearly with the increasing severity of the phenomena of poisoning. 0. Storch 
(Deutsches Arch. , II., p. 264) had already' made similar investigations with similar 
results, but the nitrogenous (urea) portions of the urine were determined by Liebig’s 
methods, which, as was discovered later, did not in this case appear to be adequate. 
Bauer estimated the nitrogen directly'by heating with carbonate of soda, besides 
also the urea according to Liebig, and obtained by both methods results which 
agreed veiy nearly with those obtained before. Hence it certainly follows : that in 
acute phosphorus poisoning the consumption of albumen is essentially increased ; and 
since a dog, after twelve day's’ starvation, has already consumed the circulation- 
albumen and lives on the organ-albumen, this increased metamorphosis of albumen 
must affect the albumen of the tissues. Since, besides, after starvation for so long 
time, dogs have lost almost all fat perceptible to the naked eye, the fat appearing in 
the tissues during phosphorus poisoning can have its origin only in the transformed 
albumen of the organism, or be a product of separation of this albumen deposited into 
the tissues. Comparative estimates of fat in the muscles and liver of healthy dogs 
and of dogs poisoned with phosphorus, lead to the conclusion that these tissues con¬ 
tain three times as much fat in dogs poisoned by' phosphorus as in healthy animals. 
Some rudimentary researches on the respiration also make it probable that in phos¬ 
phorus poisoning the absorption of oxygen is to a large extent (one-half) prevented, 
so that accumulations of fat in the tissues are not dependent merely upon increased 
formation, but also upon diminished consumption of it. 

Transplantations furnished a negative result. R. Wagner observed decrease 
in weight and increase of fat in the testicles and crystalline lens; MlDDELDORPF, in 
his researches with rabbits, found fat only' in the cavities ; likewise Donders, in his 
researches with tendon, cornea, and cartilage, only in the cellular parts; Burdach, 
in wood and elder-pith. Pieces of albumen and the lens inclosed in impervious 
membranes (caoutchouc, collodion) remain unchanged in weight and structure ; upon 
the pouch there is formed a fatty exudation (Burdach), 


Fatty metamorphosis affects normal tissues and new-formations of almost 
every kind. It is either primary, or follows albuminous degeneration. 

Microscopically, it is quite equally represented in the various parts of 
tissues. In cells there are observed, mostly at first in the neighborhood of 
the nucleus, sometimes even within the latter, one or more fatty molecules, 
which are characterized by their great brightness and dark contour, by not 
being colored by carmine, by their black color with perosmic acid, and by 
their resistance to most micro-chemical reagents (ether dissolves them— 
often only after previous addition of acetic acid or caustic alkalies). The 
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fat-molecules further increase in quantity, whereby they are sometimes 
most abundant in the vicinity of the nucleus, sometimes uniformly dis¬ 
tributed through the whole cell-contents. The cell itself uniformly enlarges 
to sometimes more than twice its size, and acquires, if of different shape, 
a round and globular form. If the cells lie imbedded in a more perma¬ 
nent basis substance, as e.g., the connective-tissue corpuscles, they likewise 
grow larger, but retain in general their spindle-shaped or stellate form. 
Finally, the whole cell is filled with fat-drops of equal size, sometimes dif¬ 
fering in size, and in close contact with one another; their membrane, so- 
called, is still present; the nucleus is sometimes there, sometimes it is at 
least invisible. A granular cell is a body of this kind, consisting entirely 
of fat-molecules or small fat-drops, surrounded by a true membrane or an 
external, non-fatty layer of protoplasm. After this cell has existed for a 
longer or shorter time, the membrane (true or apparent) finally disappears 
with or without increase of fat-drops: the form is then termed granular 
mass. After a longer or shorter existence of the latter, the fat-drops, 
held together by the remaining protoplasmic substance, are dissolved first 
in the periphery, or the whole granular mass divides into many aggrega¬ 
tions of fat-drops, and finally into single fat-drops, which swim in a liquid 
always alkaline. This mass is called fatty detritus. Fat-molecules are either 
resorbed, or if resorption is obstructed, there are developed from them 
crystals of fatty acids (margarin, margaric acid, stearic acid), and cholesterin. 


Cholesterin, which in great quantity is easily recognized by the naked eye by its 
glittering appearance, usually forms very thin rhombic plates overhung one another, 
the acute angles of which amount to 79° 30'. The tables are rarely almost right- 
angular (87° 30’), or the angles are more acute (57 3 20 ). It is wholly insoluble in 
water; easily soluble in boiling alcohol and in ether, chloroform, ethereal oils and 
fats, less so in solutions of salts of the biliary acids and in soaps. By a mixture of 
sulphuric acid 5 parts and water 1 part, cholesterin tables are colored first rusty- 
brown, then a beautiful purple-red, and finally they liquefy into brown drop-like 
forms. By the addition of concentrated sulphuric acid and some iodine they become 
carmine-red, blue, and green. Margaric acid (mixture of palmitic and stearic acids) 
consists of tufts of very fine curved needles, more rarely of sword-like plates. Mar¬ 
garin (mixture of palmitin. and stearin) forms for the most part large, tufted or 
gland-shaped masses of very fine, - straight needles. Stearic as well as palmitic acids 
consist of elongated, pointed, rhombic single or radiated tables. 


Possibly, fat-molecules pass in other ways out of the cells, at least out of 
those which are contractile. 


According to Stricker ( Sitzgsber. d. Wien. Acad., LIII., p. 184) the colostrum 
corpuscles, e.g., of milk analogous to fat-cells, at a temperature of 40° C., show slow 
but distinct changes of form. The fat-globules gradually approach the surface from 
the middle of the corpuscle, then they come upon the surface and are finally expelled. 
The process of milk-secretion may therefore be so conceived that the colostrum cor¬ 
puscles, as thrown-off enchyma-cells of the gland or as products of division of these 
cells, expel by active contractions that which they generate within their own body, 
without even affecting their own life. Sciiwarz (Ibid., LIY., p. 63) saw not only 
the fat-globules expelled, but also that the whole protoplasmic portion of the body 
of the colostrum corpuscle is then resolved to undergo still farther changes of form 
and place. According to Leidesdorf-Stricker (Molesch. Unters. X., 1866), the 
granular cell has still at it3 periphery a zone of basis substance, which is free from 
granules, on account of which its outline appears defined ; in the granular fat- 
globule this zone is also studded with granules, hence its surface is uneven and 
granular. The granular cells from the fragments of tissues, taken from living ani¬ 
mals, show on the warm stage of the microscope amoeboid movements. 
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Fatty metamorphosis of the nuclei behaves like that of the cells, of 
fibrous parts (muscle-fibres—modified cells), and of the different seeming or 
true basis substances (capillaries, cartilage, cornea, etc.). In the latter 
fatty metamorphosis for the most part appears only when their cells have 
become fatty. 

Fatty metamorphosis begins in transversely striated muscles usually as albuminous 
infiltration; following the latter is the appearance of fine fat-drops, mostly in the 
vicinity of the nuclei of the muscles and in the nuclei themselves, rarely within the 
fibrilhe: the fat-molecules are mostly arranged in rows, parallel to the longitudinal 
strias of the muscles. They increase in quantity, until finally all the contractile sub¬ 
stance has disappeared, and the muscle-fibres consist wholly of long rows of fine 
or somewhat larger fat-drops, which lead at last to the entire wasting of the muscle. 
In many cases the process deviates from that described (Metteniieimeu and others). 

Krylow ( Virch. Arch ., XLIV., p. 477) determined quantitatively the fat of the 
muscular structure of the heart in a number of diseases : the per cent, in fresh 
muscles fluctuated between 1.7 and 4.2. 

Fatty metamorphosis can easily be l-ecognized with the naked eye, except 
in its lowest grades, and where but little extended. The affected tissues 
and organs have a yellowish-gray or yellowish coloration of the surface 
externally and in section, which is rarely uniform throughout the whole 
organ, but oftener appears as spots, streaks, etc. The organ is enlarged to 
various extents, and is more or less anaemic, according to the extent of the 
fatty metamorphosis; its consistency is diminished. The latter is especially 
the case, when, besides the cells, the basis substance also has degenerated 
into fat (cartilage, bone); or when, besides the tissues thus degenerated, 
there are present fluid or soft substances, e.g ., softened basis substances, as 
in the intima of the great arteries (atheromatous focus). Fluids, in which 
a great quantity of cells degenerated into fat are found, have an appearance 
similar to that of colostrum, milk, or butter. 

In rare cases, parts far advanced in fatty degeneration do not appear yellow, but 
have some other color: thus the jejunum in fatty metamorphosis of its muscle-fibres 
has a reddish, the villi of the small intestines in fatty infiltration assume a blackish 
color. (The Author, Arch. d. IleUk ., II., p. 455.) 

The duration of fatty metamorphosis is sometimes short, so that within a 
few hours, or within a day or few days, the highest grades of it appear (as 
in acute phosphorus poisoning, in acute inflammations); sometimes it is 
longer, lasting weeks, months, and years (as in fibrinous exudation, in many 
diseases of the glands, etc.). 

Leidesdorf and Stkicker (1. c.), within one day' after wounding the brains of 
chickens, saw granular cells in the vicinity of the wounded cortical substance. After 
several days the tissue to about 2 mm. in depth was composed only of granular cells 
and fibres. An equally quick fatty metamorphosis is to be found in the epithelium of 
the mouth, etc., and of the skin, e.g., in variolous inflammations of these parts. 

The causes of fatty metamorphosis are all disturbances of the circula¬ 
tion and of nutrition. These are either primary, or they occur as results 
of: marasmus; of age ; inactivity of parts affected (especially muscles); 
arrested nervous influence; pressure by extravasations, exudations, new- 
formations. In all these cases, anaemia is the essential disturbance. Some 
poisons, especially those which dissolve and destroy the blood-corpuscles 
(alcohol, ether, chloroform; phosphorus, arsenic and antimony; carbonic 
oxide; sulphuric, phosphoric, and arsenic acids; strychnine; biliary acids), 
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—some contagia, as that of small-pox, scarlet fever, puerperal fever—the 
gangrenous ichors of hospital gangrene are followed by a greater or less 
degree of fatty metamorphosis. These poisons, etc., probably act by ren¬ 
dering the blood unfit for the nourishment of the affected tissues (in part in 
consequence of a destruction of the red blood-corpuscles). 

In hypertrophic organs and new-formations of every kind, especially those formed 
largely of cells, fatty metamorphosis is comparatively frequent, probably because 
there is not at the same time a proportionate new-formation of capillaries, or because 
the new-formed tissues, from whatever cause, have need of more nutritive material. 

Pox pick (Bert. kl. WcJischr ., 1873, No. 1 et. 2) draws a distinction between a 
fatty heart where the muscular portion has been previously hypertrophic or (very 
rarely) atrophic, and one where this portion is normal. In the former only portions 
of the heart are affected, in the latter the whole heart; localized, and generalized 
fatty degeneration. The former is found in diseases of the heart, diseases of the 
aorta, nephritis, etc., in pulmonary diseases ; the latter (time fatty metamorphosis) 
in acute, for the most part infectious diseases, from certain toxic substances (phos¬ 
phorus, arsenic, etc.). In this consideration belongs also the always chronic, pure 
or idiopathic fatty heart. It is either plethoric, so-called (senile), dependent upon 
local insufficiency of the bloodvessels to remove the normal quantity of blood; or 
anaemic, part phenomenon of a general deficiency of blood in normal vessels. 

Oedmansson (Nord. med. Arch ., I., 4, p. 73) frequently found in the umbilical 
vessels of syphilitic infants at birth, chiefly in the external portion of the intiina, 
advanced atheromatous process, and in consequence of it, thrombosis of the princi¬ 
pal and secondary vessels. The syphilis in such cases was transmitted through the 
father. 

The immediate cause of fatty metamorphosis is still unknown. It may be depend¬ 
ent upon the effect of a too small supply of oxygen, through arrested or destroyed 
nutrition, whereby the fat, which in the same quantity as normally proceeds from 
the decomposition of albumen, does not receive enough oxygen for its complete 
oxidation. Or there may be a greater than normal decomposition of albumen, so that 
more fat is generated than can be oxidized (Voit). 

Besides through the causes mentioned, cases of general fatty degenera¬ 
tion of almost all organs and tissues have been seen without the discovery 
of an setiological factor. 

A number of these cases belong probably to acute phosphorus poisoning. After 
Hauff ( Wurtt. Gorr.-Bl ., 18(51, No. 34) had first pointed out the frequent coinci¬ 
dence of fatty liver with acute phosphorus poisoning, the same coincidence was 
experimentally demonstrated by Euki.e, Kohler, Renz (Tub. Dm., 18(51), by 
Lewin ( Virch. Arch., XXI., p. 50G), by Munk and Leyden (Die uc. Phozphorver- 
giftung, 1805). The Author (Arch. d. Ileilk. , 1862, III., p. 359) found a fatty meta¬ 
morphosis of nearly all the organs of the body. This condition was confirmed 
by Fritz, Ranvier and Verliac (Arch. gen. Jul., 1802), also by Mannkopf ( Wien, 
vied. Wochemchr., 1803, No. 26). Wegner (Virch. Arch., 1872, LV., p. 11) also 
found fatty degeneration in the peripheric parts of the arterial system as far as the 
arterioles, least marked in the brain, cartilage, medulla of bones and liver. 

Ebstein ( Virch. Arch., 1872, LV., p. 409) investigated experimentally the changes 
of the gastric mucous membrane, by introducing phosphorus (and alcohol) into the 
stomach. 

Other cases of fatty metamorphosis of almost all organs occur in child-bed 
(Hecker, Mon.-Schr. f. Oeburtsk., XXIX., p. 321). 

Buhl has described a peculiar fatty degeneration of the new-born (Hecker u. 
Bittil, Klin. d. Geburtnk., 1801, p. 290). Furstenberg saw similar processes in 
lambs (Virch. Arch., XXIX., p. 152), Roloff in swine (lb., XXXIII., p. 553), 
Buhl in colts (Hecker and Buiil, 1. c.), Voit in geese (1. c.). 

A fatty metamorphosis entirely like that which occurs pathologically 
occurs in the normal condition of the organism. 

Thus it is with the fatty metamorphosis of gland-cells in behalf of the 
formation of their secretions, e.g., colostrum and milk, as well as of the 
20 
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sebaceous matter ; fatty metamorphosis of many organs as a link in their 
development, as of the milk-glands, sebaceous and sweat-glands; fatty 
metamorphosis of the epithelium (membrana granulosa) of the Graafian 
follicles, by which the yellow layer surrounding the extravasation arises; 
fatty metamorphosis of organic muscle-fibres of the uterus, which begins on 
the fifth to eighth day after delivery, and probably leads to the disappear¬ 
ance of the whole muscular apparatus. Fatty metamorphosis is also physi¬ 
ologically probable in the anterior lobes of the pituitary glands, in the 
cortex of the supra-renal glands; also that of the epithelium of the seminal 
ducts in adult manhood, and especially in old age. Fatty metamorphosis 
is always found in some epithelial cells of serous membranes. 

According to many, the decidua reflexa is destroyed by fatty metamorphosis. In 
the decidu/i ve.ru there is not infrequently found a high grade of fatty metamorphosis 
of the cellular elements. 

According to .T a st how it z (Arch. f. Psych., II., p. 389; III., p. 162) the inter¬ 
stitial encephalitis of the new-born, described by Virchow (see p. 307), does not 
represent a pathological but the normal condition, and is to be regarded as a tran¬ 
sition step from the foetal formation of the brain to that of the developed man. The 
more circumscribed partial form of the transformation is found prominently in those 
individuals, who, born before time, are backward in their development, and are 
anaemic and cachectic. According to J., the fifth month of foetal life is the time for 
the beginning of this change. Likewise after birth the number of granular cells 
again gradually diminish. At about the seventh month of life they have entirely 
disappeared. J. holds that the appearance of the granular cells is of essential 
importance for the formation of the medulla of nerves. The occurrence, on the 
other hand, of fatty degeneration in foci in the cortex is an abnormal one. 

Pathological fatty metamorphosis occurs very often. It affects tissues of 
almost every kind, normal as well as new-formed. 

Fatty metamorphosis of cells is frequent and varies in importance with 
the organ. It is found especially in the epithelium of mucous membranes, 
not infrequently during catarrhs, and constantly in the cutaneous epithelium 
in pustular inflammations and ulcers. Fatty metamorphosis of gland-cells 
forms in and of itself, or simultaneously with changes in the vessels and 
stroma, a series of the most important glandular diseases. It occurs in 
all glands not infrequently in various grades; practically, it is of the 
greatest importance in the kidneys. 

Fatty metamorphosis of the muscles affects both smooth and transversely 
striated, normal and hypertrophied muscles, especially also the heart. 

Fatty metamorphosis of smooth muscle-fibres is of especial importance in arteries 
of every calibre, when it occurs for the most part simultaneously with disease of the 
intima. 

Fatty metamorphosis of transversely striated muscles affects those of the body and 
extremities, especially where their function is slightly or wholly arrested through 
disease of the brain, nerves, bones, and joints. It occurs also as a peculiar, some¬ 
times hereditary process (progressive muscular atrophy). According to Callender 
( Lancet , 1867, I., No 2), fatty degeneration of the diaphragm is not only in itself 
important as an independent cause of death, but also as a complication of other 
diseases. Fatty metamorphosis of the heart occurs, especially in the ventricles, 
from various causes, as well in the normally large as in hypertrophic hearts, in an 
uniform, or regular and finely punctated manner, rarely in the form of large irregu¬ 
lar patches. 

Fatty metamorphosis of connective tissue affects, for the most part, 
only the corpuscles, also rarely the basis substance. It occurs in all varieties 
of it, and in all organs which are made up of it, most frequently in the 
intima of arteries; more rarely in the corium of the skin, mucous mem- 
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branes, in the neuroglia, etc. ; often in the interior and in the periphery of 
acute and chronic foci of inflammation, in new-formations. Fatty meta¬ 
morphosis of the cornea, especially of its corpuscles, is met with under like 
circumstances, being as well a process of old age: arcus senilis or geron- 
toxon. 

Cartilage shows normally a small quantity of fat in its cells. A greater 
filling of the cells with fat occurs pathologically, also more rarely such a 
filling of the basis substance, especially in great age, in acute and chronic 
inflammations, e.g., of articular cartilage, mostly with coexisting affections 
of the other parts of the articulation. 

Bones show a fatty metamorphosis of the bone-cells, of the body as well 
as of the processes, in various acute and chronic inflammations with suppu¬ 
ration, in new-formations, as well as sometimes in osteomalacia. 

Fatty metamorphosis of nerve-tissue affects all parts of the nervous sys¬ 
tem, and is primarily and secondarily important (from pressure, lnemor- 
rhages, inflammations, and in new-formations). 

The granular cells met with in various acute and chronic inflammations, with soft¬ 
ening of the central parts of the nervous system, are probably fatty connective- 
tissue corpuscles of the neuroglia (or pus-corpuscles) ; perhaps, also, in very small 
part, fatty ganglion cells. Fatty metamorphosis of nerve-fibres of the brain (and 
of those of the spinal cord) is still questionable. Congenital interstitial encephalitis, 
or myelitis, shows a constant fatty metamorphosis of the neuroglia-cells; often, also, 
of the vessels (Virchow, Arch., XXXVIII.. p. 129; XLIV., p. 472), according to 
Golgi ( Virch. Arch., LI., p. 568), of the endothelium of the lvmph-channels. (See 
p. 306.)— Huguenin (Arch. f. Psych., 1872, III., p. 515) found in a case of cerebral 
embolism, that all cellular and nuclear elements, which were in the embolic focus, 
became granular globules, and also the nuclei of the neuroglia, the cells of the capil¬ 
laries, the cells of the adventitia of the bloodvessels, their muscular nuclei, the cells 
of the external layer of the perivascular lymph-spaces, the spindle-shaped ganglion 
cells of the lowermost cortical layer, and those of the gray matter outside of the 
extra-ventricular part of the corpus callosum. According to Meschede ( Virch. 
Arch., XXXIV., pp. 81, et 249; lb. , LVI., p. 100), fatty pigmentary degeneration 
of the ganglion cells of the cerebrum is the most constant pathologico-anatomical 
change of the brain in paralytic insanity. Consult also Meynert, Ztschr. f. Psych., 
I., p. 386. Hoffmann, Nederl. Tijdschr. v. Gen., 1868. Schule, Ally. Ztschr. f. 
Psych., 1868, XXV., p. 507, but especially L. Meyer, Arch. f. Psych., III., p. 1 et p. 
242. In the spinal cord a fatty metamorphosis occurs in part as in the brain, in 
part dependent upon various afFeetions of the brain, which consist in a destruction 
of brain-substance. It results finally in simple atrophy. (See p. 294.) 

In the peripheric nerve-fibres, after section at their peripheric extremities, after 
destruction of the central parts of the nerves, or separation of the nerve from them, 
also after destruction of the peripheric distribution of the nerves (e.g., in the n. 
opticus and acousticus after destruction of the eye and internal ear), in inflammation, 
gangrene, in the vicinity of tumors, etc., in the spinal cord, within the unchanged 
sheath (not in the axis cylinder), there are first seen large fat-drops (coagulated medul¬ 
la with axis cylinder), these fat-drops always increase in quantity and smallness, 
and are finally resorbed, so that the sheath remains as filamentous, here and there 
nucleated striae, with scanty fat-molecules. A fatty metamorphosis of the peripheric 
extremities of the nerves has been observed only in the Pacinian corpuscles and in 
the corpuscles of touch (Meissner). Langeriiaxs (Virch. Arch., 1868. XLIV., p. 
413), on the other hand, could never demonstrate a secondary degeneration of the 
corpuscles of touch in anatomical lesions of high degree in the brain and spinal cord. 

Fatty metamorphosis affects all kinds of vessels, especially arteries and 
capillaries, and sometimes all tlieir tunics. The process is sometimes pri¬ 
mary, sometimes dependent upon various affections of parencliymata. It 
is one of the most important diseases of the vessels. 

In the capillaries it affects the nuclei and the tissues immediately adjacent, 
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more rarely other parts of the membrane. According to Billrotii (Arch. d. Jleillc. , 
ITI , p. 47), fatty degeneration of the cerebral capillaries is not an envelopment of 
them with fat, and not a cause but a result of a disturbance of nutrition of the cen¬ 
tral nerve-tissue, in many cases perhaps a post 'mortem appearance. In the arter¬ 
ies it affects the epithelium, the normal as well as the hypertrophic intima, the or¬ 
ganic muscle-fibres of the media, more rarely the cells of the adventitia. 

Fatty degeneration of the placenta occurs in different ways : that of the peripheric 
cells of the mature foetal placenta (normal involution); fatty destruction of the cells 
of the cellular stroma; fatty degeneration of blood-coagula, etc. (Wedl, Scanzoni, 
Ercolani, Frankel, and others). 

Concerning fatty metamorphosis of new-formed tissues, see the considera¬ 
tion of these tissues, especially Tubercle and Cancel*. 

The consequences of fatty metamorphosis for the different tissues con¬ 
sist in a diminished or, in a manifold manner changed, or wholly arrested 
function. 

Fatty metamorphosis of epithelia deprives the affected membranes of 
their protection, whereby various disturbances arise: on the skin and 
mucous membranes erosions and ulcerations. Fatty metamorphosis of 
gland cells is followed by an arrest of specific function, and thereby by 
various local or general disturbances (as, e. < 7 ., in the kidneys by albumi¬ 
nuria). In the vessels, through fatty metamorphosis of the endothelium, 
there occur deposits of fibrin with diseases of the deeper lying parts. 
Fatty metamorphosis of muscular parts causes loss of contractility to the 
extent of complete paralysis, which in the heart is especially important, and 
is the cause of the severest disturbances ol the circulation; that of the 
musculi papillares may be followed by insufficiency of the corresponding 
valves, that of other parts of the heart by dilatation, formation of fixed 
thrombi, etc. Fatty metamorphosis of organic muscle-fibres causes dilata¬ 
tions of cavities to the walls of which they are distributed (also cylindrical 
and pouched bronchiectases). Fatty metamorphosis of the nerve-elements 
is followed by loss of specific functions, etc. 

Further injury grows out of a diminution of consistence: e.g., com¬ 
pression and wasting of articular cartilage with consecutive inflammation 
of the subjacent bone in malum senile , so-called, of the joints; dilatation 
of the heart and vessels ; softening of the brain; lacerations of the heart, 
vessels, and other membranes, etc. 

All these results are so much the more important, when they occur in 
organs already affected by other changes, as softening of the basis sub¬ 
stance (atheromatous ulcers and foci), fatty degeneration of the vessels, 
thickening of the gland-membranes, etc. 

II. MOller ( Wurzb. med. Ztschr ., 1804, V., p. 12) found in the arteries of the 
brain and choroid of a person dead from Bright’s disease, a high degree of fatty 
degeneration of the endothelium, which had led to a separation of the endothelia, 
and obstruction of the lumen of the vessels to a great extent. 

A complete wasting of tissues and organs during fatty degeneration 
occurs for the most part only in some of their elements (in individual epi¬ 
thelia, gland-cells, muscle-fibres, etc.). In exudations and nevv-formations 
this is beneficial, since these may thereby wholly or in part be again 
removed from the organism; often in cellular hypertrophies, especially of 
the lymph-glands, tonsils, etc., in fibrinous and purulent exudations, for 
the most part only partially in tubercle and cancer. 

Jolly (Stricker, Studien, etc., 1870, I., p. 38) found in his researches on trau- 
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matic encephalitis, which, induced mostly in young hens, passed into the various 
stages of inflammation in from six hours to twenty-one days, that the formation of 
fatty granular cells is no infallible sign of destruction. Out of a part of the granu¬ 
lar mass in the capillaries, within and beneath the adventitia of the finer arteries 
and veins, there grow ribbon-like and spindle-shaped' fibres, which help to introduce 
the cicatrization of the inflammatory focus. Besides, free granular cells of like form 
and destiny have their origin in the tissues from the white corpuscles of the blood, 
and probably from the cells of the neuroglia, and ganglion-cells. 

A resorption of fat molecules from degenerated tissues and a complete 
restitution of the latter is probable only in slight or moderate degrees of 
the degeneration, and possible when the causative forces have ceased to 
operate. 

The general consequences of fatty metamorphosis depend upon the 
kind and extent of the organ attacked, upon the suddenness of its appear¬ 
ance, duration, complications, etc. 

In acute fatty degeneration of the new-born, children ordinarily well nourished are 
mostly born asphyxiated, evacuate, besides diarrhceic liquids, blood by the rectum or 
vomit it, become icteric after 3-(5 days, and often there is generally on the fifth day 
an uncontrollable haemorrhage from the navel. Many other organs also exhibit hannor- 
rhages, external and internal. 

Fatty metamorphosis and fatty infiltration are sometimes not to be dis¬ 
tinguished from each other, and one not infrequently occurs by the side of 
the other ; e.g ., in the cartilages and vessel-walls in old age, in the liver 
and kidneys in many forms of poisoning. 

Likewise, there is a difference between fatty metamorphosis and increase 
of fat tissue by enlargement and new-formation of fat-cells, the interstitial 
growth of fat-tissue. The latter for the most part accompanies consecutive 
atrophy of the limiting parts, especially of the transversely striated muscles 
in fattening of the body, etc., around atrophic organs, especially the kid¬ 
neys, etc. But not infrequently both fatty degeneration and new-forma¬ 
tion of fat-tissue occur together in certain parts (e.g., in the muscles 
of the body, during progressive muscular atrophy, in the bones in osteo¬ 
malacia). 


C. PIGMENTARY INFILTRATION, OR PIGMENTARY METAMORPHOSIS. 

(Pigmentation, chromatosis, melanosis.) 

Bruch, TJnters. zur Kenntn. d. korn. Pigments der Wirbelthiere , 1844. —Zwicky, 
De corp. led. origine atque transform ., 1844. — N. Guillot, Arch, .gen., 1845. — 
Hasse and Kolliker, Ztschr f. rat. Med., 184(5, IV., p. 8 ; Ztschr. f. wiss. Zool ., 
I., p. 2(50.— Ecker. Ztschr. f. rat. Med., 1847, VI.— Virciiow, Arch., 1847, I., p. 
379; II., p. 587 ; IV., p. 515 ; VI., p. 259.— Sanderson, Monthly Journ., Sept, and 
Dec., 1851. — Remak, Midler's Arch., 1852, p. 115.— Forster, Virch Arch., 1857, 
XII., p. 197.— Jaffe, Virch. Arch., 1858, XIII., p. 192.— Zenker, J.-Ber. d. Ges. 
f. Natur v. Ileiik. in Dresden, 1858, p. 53.— Valentiner, Gunsburg's Ztschr. f. 
klin. Med., 1859, I., p. 4(5. —Grohe, Virch. Arch., 18(51, XX., p. 30(5. —Heschl, 
Ztschr. d. Wien. Aerzte, VI. ; Oestr. Ztschr. f. pract. Ileiik., 18G2, No. 40, 42, 44.— 
Langhans, Virch. Arch., 18(59, XLIX., p. (5(5. 

Pigmentary metamorphosis consists in the appearance of variously 
colored and variously shaped bodies— h.ematoidin (lutein) and melanin 
— having their origin in the metamorphosed coloring matter of the blood 
(haematin), 

H.ematoidin is diffuse, or granular, or crystalline. 
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Diffuse hematoidin causes a more or less uniform yellow or reddish 
coloration of the tissues affected, and soon passes into one of the following 
forms Granular hematoidin shows, in proportion, to its age and 
according to the organ in which it arises, all shades of color, from a light- 
yellow to red and black. It is, according to the locality where found, its 
development, etc., finely or coarsely granular, whereby the granules are 
sometimes isolated, sometimes grouped in masses of various sizes, round, 
angular, or pouched. Crystalline h.ematoidin consists of regularly 
formed, oblique rhombic columns, which are often almost pure rhomboids. 
Their size varies from that wherein they are just perceptible to that with a 
diameter of about 0.1 nun. ; in general it also varies slightly in thickness 
and in breadth. The crystals are strongly refractive and translucent, some¬ 
times even transparent, with a slightly glistening surface. Its color is 
generally brick-red, but varies with the thickness of the crystals, in part 
also with the organs. Besides this crystalline form, needles are met with 
in rare cases, with an orange-yellow or brownish-red color, single, or in 
radiate or irregularly formed groups. The granules are free or inclosed in 
cells and flake-like masses, the crystals mostly free. 

Granular as well as crystalline luematoidin is insoluble in water, alcohol, 
ether, acetic acid, dilute mineral acids and alkalies. By the hydrate of 
potash it usually becomes burning red ; but it gradually loosens and breaks 
into red granules, which after a time dissolve. By concentrated mineral 
acids, especially sulphuric acid, sometimes also nitric acid, the sharp con¬ 
tours of the crystals disappear and there follows a play of colors similar to 
that observed in the reaction of the coloring matter of the bile; the bodies 
gradually become brownish-red, green, blue, rose-colored, and finally dis¬ 
solve into a dirty yellow, leaving behind a finely granular cloud. This 
reaction does not always appear with the order given and with equal clear¬ 
ness, or sometimes a color is lost. 

According to Rotun, granular luematoidin (R.’s haematosine) differs also chemical¬ 
ly from crystallizable haeinatoidin. 

Besides the haematoidin the following coloring matters of the blood are worthy 
of notice: hemoglobin, or hematocrystallin, or hematoglobulin, the 
physiological red coloring matter of the blood, which consists of an albumen (globu¬ 
lin ?) and a coloring matter, haematin; iiematin, which is important especially in 
combination with muriatic acid, as IIEMIN. Preyer (Med. Ctrlbl ., 1871, Xo. 4) 
found still another kind of blood-crystals, which he calls HE MATO iN. They are 
mostly needle-shaped, often bent, arranged in radiate groups or singly, for the most 
part very sharply pointed. Their size is more considerable than that of all other 
blood-crystals. They are insoluble in ether, alcohol, water, slightly soluble in caustic 
potash and dilute acetic acid. 

Melanin is a dark-brown or black, granular or irregularly crystalline 
substance, probably very rich in carbon, occurring rarely in rhombic plates, 
very little susceptible to all reagents, the origin of which is probably similar 
to that of luematoidin. It occurs as the known physiological coloring mat¬ 
ter in the rete Malpighii of the white and colored races of men, likewise in 
the eye (within the epithelium as well as the connective tissue cells), in 
ganglion-cells, in the arachnoid of the spinal cord. It occurs pathologically, 
especially in gangrene and in many new-formations. 

Haematoidin has its origin either in a retardation and stagnation of the 
circulation, or (and most often) in an extravasation of blood. In both 
cases the coloring matter of the blood remains sometimes within the blood- 
corpuscles, which then are immediately and entirely transformed into pig¬ 
ment granules. For the most part, however, it leaves these behind and 
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mixes with the surrounding fluid substances or infiltrates the bounding 
fixed elements, especially cells of all kinds. It is further transformed from 
out of this diffuse state into granular or crystalline hannatoidin. Otherwise 
the blood-corpuscles remain sometimes within the vessels, and the coloring 
matter of the blood oozes through their walls. Usually, however, the col¬ 
oring matter leaves the bloodvessels with the blood-corpuscles : either in 
consequence of a laceration of the vessels, or, without this, per diapedesin. 

The coloring matter of the blood, escaped from out of the blood-corpuscles, mixes 
first with free fluids or with those of the vicinity inclosed in cells. In the former 
case the blood-serum (oedema in gangrene, serum in pulmonary oedema), exudations, 
etc., are colored more or less yellow' or brown. The imbibition of the coloring mat¬ 
ter of the blood is more distinct in fixed parts. These may be \\ r ith or without form, 
physiological or pathological; sometimes fibrinous coagula, most frequently ceils of 
different kinds, less often fibres and intercellular substances. That hiematoidin. 
especially its rhombic form, is found so often in and upon fat-drops, lies in the great 
mutual adhesion of hiematoidin and fat, closely related to the coloring matter of 
bile. (Langiians.) 

Infiltration of hsematin into cells is often unequal, since usually of the cell-con¬ 
tents alone, the nucleus rarely alone, shows the coloration. (The same freedom of 
the nucleus is found also in physiological pigmentation of the external skin, choroid 
and arachnoid.) The contents of the cell and of the nucleus are very rarely colored 
at the same time and uniformly. The cell-membrane always remains uncolored ; it 
shows, by diffusion of the cell-contents, no trace of coloration. 

After hcematin has remained (days and weeks) in the diffuse state, it gradually 
condenses into small, more distinctly colored granules and masses. Their size varies 
from that which is first visible, molecules no longer recognizable by their form, to 
that of a red blood-corpuscle and more. Their form is rarely round, oftener some¬ 
what angular and elongated. Their contours are always very sharp and dark ; their 
surface is light, bright, and often shining. The color is sometimes yellowish or red¬ 
dish in various shades, sometimes brownish-red. blackish brown or black. The color 
of the pigment granules is generally quite constant for individual organs. During 
this transformation of diffuse into granular pigment, often no change is demonstrable 
in the elementary parts themselves, which contain pigment; the cells, e.g., either re¬ 
main, and for the most part are, probably, capable of function, or they may also suffer 
fatty degeneration. 

Whilst the coloring matter of the blood, escaping from out of the blood-corpuscles, 
enters upon these changes, the blood-corpuscles themselves have become very pale and 
smaller. In their border, not infrequently also in the middle of them, there are af¬ 
terward seen 1-4 and more very small, sharply-defined granules, with a dark con¬ 
tour, light in the centre and colorless, and like fat, which granules are sometimes 
single, sometimes form a row r , sometimes assume a crescentic shape These grad¬ 
ually diminish in number, until only 1-2 of them are seen, bounded by a hardly 
perceptible membrane. The membrane finally disappears entirely, and only the 
granules remain, which finally also disappear. The granules, as well as the inclosing 
membrane, suffer no change in water, dilute acetic acid, and dilute alkalies. Con¬ 
centrated acetic and mineral acids and alkalies dissolve them completely. 

From Preyeu’s observations ( Virch. Arch., XXX., p. 417) on the penetration of 
foreign bodies into contractile cells, a formation of pigment cells by the taking up of 
permanent pigment may be assumed. 

If the coloring matter of the blood remains within the blood-corpuscles, the latter 
become smaller, denser, darker, and gradually more resistent to reagents. Thereby 
they either remain isolated, which seldom happens, or many (5-15) unite into irregu¬ 
lar or rounded masses. These masses blend together more and more, and are finally 
resolved into triplets, or mulberry-like forms, or only into a single, dense granule of 
pigment broken into fragments by pressure, or finally into the crystals above men¬ 
tioned. All these forms either occur free, or they are surrounded by a colorless, 
light, rounded or elongated 1 , or, analogous to pigment masses, lobed boundary similar 
to a cell-membrane, which, however, possesses none of the peculiarities of a membrane 
permeable and separable from the cell-contents. Many of these bodies are not at all 
or hardly to be distingaisaed from cells containing blood-corpuscles. (See p. 217.) 

The above assumption, that the coloring matter of the blood leaves the 
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blood-corpuscles and is transformed first into diffuse, then into granular and 
crystalline liaeir.atoidin, is opposed by the more recent facts obtained by 
experiment. According to this there first arise cells containing blood-corpus¬ 
cles, since the contractile cells of the vicinity of the extravasation take up 
into themselves red blood-corpuscles. The latter are changed chemically and 
morphologically, and become at first a coarsely granular, or crystalline pig¬ 
ment, which farther on always becomes finely granular and finally diffuse. A 
part of the pigment-cells become spindle-shaped, others are dissolved, the 
pigment becomes free, and finally disappears. 

Langiians made the experiments referred to. He introduced the blood, obtained 
from a vein or by killing the animal (rabbit and guinea-pigs), in a coagulated state, 
as quickly as possible under the skin of the same - or of another animal, then closed 
the small wound by suture, and after a certain time killed the animal. In the above 
mammals the coagulum at first, by loss of serum (which always remains color¬ 
less), becomes smaller and firmer ; its fibrin gradually disappears by simple solution 
(in greater part already in twenty-four hours), and the red globules (the three 
different kinds) inclosed by the latter remain in the connective-tissue membranes, 
which are found in the vicinity of the coagulum. The colorless cells in the greatest 
part of the coagulum shrink, and often the previous formation of vacuoles is 
destroyed; only those in the most superficial layers suffer perhaps a similar fate as 
the cells in the neighborhood. In the latter there results an accumulation of con¬ 
tractile cells, which, from the fourth to the sixth day, take up into themselves the 
red corpuscles (1-10 and more) by coming in contact with them. The inclosed red- 
corpuscles are, for a small portion, disk-like and bright, for the greater part spherical 
and darker; they are as large as normal, or much smaller. The blood-corpuscles are 
now transformed into pigment. The chemical changes consist in this, that they at 
first become darker and most resistant to reagents, but sometimes yellowish to a yel¬ 
lowish red; still later the color is a reddish yellow, red, or brownish red; they be¬ 
come more brilliant and have a darker contour. The morphological changes consist 
in a simultaneous destruction of the disks and globules ; these appear at first irregu¬ 
larly bounded, comparatively large, angular corpuscles, and very fine, angular, in¬ 
tensely colored, and very shining granules. Toward the end of the third week, and 
still later, there are found in the connective tissues spindle-cells with pigment with 
the same properties as tb at found in the contractile cells : the former, according to 
L., proceed from the latter. Lastly, finely granular pigment is observed always to 
increase until finally the granules become so fine that they present the appearance of 
a diffuse pigment infiltration. The cell-substance is theu, always with a free nucle¬ 
us, uniformly colored, and the color is brighter and deeper yellow. Infiltration of 
cells with yellow diffuse pigment is thus the last stage in the history of pigment, not 
the first, as has been assumed until now. L. found it always only in the second and 
third week. The pigmented contractile cells, not transformed into spindle-cells, are 
finally destroyed by fatty metamorphosis, and the pigment contained in them becomes 
free. (Many anomalous conditions occur in doves.) 

Observations made by Ecker (Z f. rat. Med., 1847, VI., p. 87), Henle (Tb ., p. 
100), Koli.iker (Z. f. tom. Zool ., 1849, I.. p. 260), the author (Arch. d. Heilk ., 1869, 
X., p. 387), show that cells containing blood-corpuscles occur under the same or sim¬ 
ilar conditions also in man. This is oftenest seen during pulmonary congestions from 
insufficiency of the mitral value : the small quantity of air, the peculiar yellow or 
browish-red color, the increased consistence, weight, etc., of such lungs is dependent 
upon the accumulations of epithelium containing blood-corpuscles in all stages in the 
alveoli of the lungs. In a case of insufficiency of the aortic values, with paroxyms, 
from time to time, of dyspnoea, I found many times in the course of two years that 
the sputa expectorated contained epithelium like this. 

On the other hand, that the coloring matter of the blood escapes out of the blood- 
corpuscles, at least in extravasations, which quickly thicken through loss of serum, 
is not yet proven. Langiians. in his experiments, never saw the serum and sur¬ 
rounding connective tissues diffusely colored. The contractile cells, makers of the 
granular pigment, take up the coloring matter of the blood diffused in the serum only 
after death. In the experiments where L. destroyed the blood-corpuscles by re¬ 
peated freezing and thawing, and thereafter introduced them under the skin, the 
diffused coloring matter of the blood was simply resorbed and was transformed, 
neither within nor outside of the cells into granular pigment. 
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The time within which the various metamorphoses into htematoidin 
occur probably differs very gi-eatly. The shortest time within which crys¬ 
tals form amounts to only a few days, for the most part from one to two 
weeks. 

I saw in the case of a man 23 years old who had been crushed between two railroad 
coaches, and had died on the 12th day with symptoms of subacute peritonitis, the 
whole parietal and visceral peritoneum enclosed by a layer 2 mm. thick of old blood 
coagula which had come from two ruptures of the liver. In all the layers of the 
coagula there were found numerous reddish-brown pigment-needles and small rhom¬ 
bic crystals. 

The length of time hoematoidin remains in the body varies. That it 
finally disappears in most cases is certain. No tiling, however, is known 
concerning the more immediate processes. 

Experience with hemorrhages of the skin from contusions shows that hematoidin 
disappears quite quickly, whilst the pigment in the cicatrices of chronic ulcers of 
the thigh not infrequently remains ten years almost unchanged. 

Hsematoidin was for a long time considered identical with bilirubin, and 
because bilirubin (from bile) like hsematoidin (from extravasations of 
blood) separated from its solutions in chloroform always in crystal of the 
same form and color. But it was afterward demonstrated that hsematoi- 
din (the coloring matter of the yolk of the egg and corpora latea) is 
throughout different from bilirubin of the bile. The orange-red coloring 
matter of blood-extravasations consists not merely of “ hsematoidin,” but 
also of bilirubin, so that it does not appear improper to call the pigment 
identical with the coloring matter of the corpora lutea not hsematoidin, 
but lutein. 

Holm and Staedeler (down. f. praet. Chemie, 1867, C., p. 142) demonstrated 
that hasmatoidin and bilirubin are entirely distinct. Well-formed crystals of hsema- 
toidin by reflected light appear beautifully green (like cantharides), those of biliru¬ 
bin, or.iuge-ra 1. He naboidin dissolves in bisulphide of carbon with a flame-red 
or, in dilute solutions, with an orange-red color, bilirubin with a golden yellow. 
The latter enters into combinations in fixed proportions with alkalies, and is soluble 
in alkalies, the former not; therefore from a solution of the latter in chloroform it 
may be separated by agitation with caustic alkalies, which is not true of the former. 
Bilirubin furnishes with nitric, containing nitrous acid in alcoholic solution, a beau¬ 
tiful play of colors; green, blue, violet, red, yellow (reaction of biliary matters) ; 
hsematoidin, on the other hand, by nitrous acid is colored light-blue, and then be¬ 
comes either yellow or colorless. Lutein, according to TnUDlCHUM (Med. C'trlbl ., 
1869, No. 1), is also identical with the yellow coloring-matter of butter, fat, blood- 
serum, and many plants (flowers, stamens, seeds). 

Salkowsky (Hoppe-Seyler, Med.-chem. Unters., 3 II.. p. 436) found, on the 
other hand, that haimatoidin from a strumous cyst had all the peculiarities of bili¬ 
rubin. He concludes that the haunatoidin (from the corpora lutea) investigated by 
Holm was not pure, or that there are different kinds of hsematoidin. 

Besides bilirubin (C3„H, 8 N ; 0„) there are found in bile (gall-stones) still other 
coloring matters, bilifuscin (Cs-HjoNjCL), biliprasin (C 3 oHo 2 N 2 0io), and bilihumin, 
which may be considered as offsprings of bilirubin. Biliverdin (C;r>H->uN_Oi o ?), 
which has not yet been demonstrated beyond doubt as a natural occurrence, may be 
artificially produced from bilirubin. 

According to Perls (Kon . med. Ges. , Nov., 1866), non-crystalline pigments arising 
from the coloring matter of the blood become blue by the action of ferrocyanide of 
potassium and pure muriatic acid (forming Berlin blue), the pigment of the choroid, 
and probably those derived from fat or the coloring matter of the bile, do not. 

The dark-red, reddish-brown, and black pigment molecules, sometimes occurring 
in the interior of the hepatic cells, probably have their origin in the normal coloring- 
matter of the bile occurring in the hepatic cells. 
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While disturbances of the^ circulation, especially both fonns of hyperse- 
mia, thrombosis and haemorrhage, are known as the causes of the formation 
of hsematoidin, we know only very imperfectly the more immediate causes 
of the formation of melanin. This holds true of the physiological pigmen¬ 
tation of the skin, eye, which varies greatly in intensity with the race, 
family, etc., and of the muscle-fibres of the heart. This is farther true of 
discolorations of the skin dependent upon like histological conditions (pig¬ 
mentation of the rete Malpighii), which almost constantly occur in the linea 
alba, the areolae of the mammae, etc., during pregnancy, and sometimes in 
the face (chloasma uterinum ) in uterine diseases, and after delivery,. etc., 
they mostly disappear again. Similar colorations affect the skin and many 
mucous membranes in Addison’s disease, or bronzed skin, probably complex 
symptoms dependent upon a disease of the abdominal ganglia. In hysteri¬ 
cal persons of both sexes analogous discolorations have been observed, espe¬ 
cially of the skin of the face. Sometimes in those of the female sex there 
have been observed the formation of a colored cutaneous secretion ( chromo- 
krinia , stearrhoea nigricans). Finally, there are a number of well-estab¬ 
lished cases, where by excitation of the nervous system (fear, anguish, etc.), 
or by severe diseases of the brain, acute or chronic, of high or low' grade, 
there result local or general dark, even negro-like discoloration of the skin. 
(Opposed to this, lighter discolorations of some parts of the skin have been 
observed in neuralgia and anaesthesia, permanent or again disappearing with 
the causative disease.) 

The changes in the color of the skin of many animals, especially the chameleon, 
are in the various conditions of the animal (feeling comfortable or angry) dependent 
upon the states of contraction of the star-shaped pigment-cells of the skin. Thej" 
are thus not analogous to the nervous pigmentation of man. 

Hannatoidin metamorphosis occurs also under physiological conditions. 
This is true especially of the formation of the corpora lutea of the ovaries. 
Hsematoidin occurs in many organs so often that it may be considered 
almost physiological: thus, in the sheath of the cei'ebral vessels, in the 
epithelium of the choroid plexus. 

The blood effused from out of the vessels of the Graafian follicle into its cavity 
coagulates, and for a few months is but little changed. On about the fourth month 
the coagulum begins to undergo atrophy; its centre shows discolored blood-corpuscles 
as w r ell at5 pigment in diffuse, granular, and crystalline form, beautiful brick or vermil¬ 
ion-red crystals, free or enclosed in cells. Sometimes bodies otherwise colored are 
present instead of the corpora lutea : e. (/.. corpora nigra in consequence of the trans¬ 
formation of the extravasation into black pigment, or corpora albida in slight effu¬ 
sions of blood (as in old women). 

Hsematoidin metamorphosis is often found pathologically. In and of 
itself it is of slight importance, since it does not materially affect the func¬ 
tion of parts, except where the pigment occurs in very great quantity, as 
well as in cases occurring only under special circumstances, where the pig¬ 
ment enters the vessels and obstructs the capillaries (melamemia). It is to 
be concluded from the presence of pigment that hypersemia, and particularly 
haemorrhage of various kinds, have occurred once or repeatedly; thus is to 
be inferred from the punctated or striated black coloration of the spleen the 
earlier presence of strong hypersemia, etc., as it occurs in attacks of inter¬ 
mittent fever ; from large quantities of pigment in the adventitia of the 
small cei'ebral vessels, cerebral congestions, etc. ; but the contrary infer¬ 
ence is not allowable : for in many cases of extravasation of blood the coloi'- 
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ing matter of the blood is resorbed without undergoing a pigmentary 
metamorphosis, etc. (See p. 219.) Only where the early stages of the de¬ 
velopment of this pigment are met with, is its origin from 'die blood certain. 

Pigmentary metamorphosis affects normal tissues of all kinds which are 
vascular or lie in close proximity to vessels : cells, as epithelium, gland- 
cells of every kind (also of the* spleen and lymph-glands), endothelium; 
connective tissue of every kind, especially that of the skin, mucous and 
serous membranes, the adventitia of the vessels, the connective tissue of 
the lungs, the connective tissue of the glands, especially that of the lymph 
and milk glands; muscle-fibres, transversely striated and smooth; brain- 
and nerve-substance. 


Pigmentation of the skin affects either the rete Malpighii or the corium. Pigment 
in the rete Malpighii occurs in small degree normally, in higher grades (not regarding 
the colored races of men whose children are not colored till a few days after birth, as 
well as of men with congenital or acquired darker complexion) in freckles of summer, 
in chloasma and in melasma, and Addison’s disease. Pigmentation of the corium 
occurs after hyperaemias by warm poultices, mustard-plasters, blisters, etc. ; after 
chronic inflammations, especially in the vicinity of ulcers of the leg of long duration, 
in dark moles, in very rare cases of true melanosis. 

Serous membranes for the most part show a black, usually spotted, rarely uni¬ 
form pigmentation after inflammations and haemorrhages. The pigment is usually 
deposited in the connective-tissue corpuscles. (A peculiar reddish pigmentation, 
which occurs especially on the external surface of the upper part of the jejunum, has 
its seat not in the serous membranes, but in the organic inuscle-fibres; but the color¬ 
ing substance is of a fatty nature.) (See p. 304.) The pigment in the sheath of the 
small cerebral vessels is also of a fatty nature. (Stein, Norm, de pigmento, etc., 
Dorpat. 1858.) 

Mucous membranes mostly show a black, rarely a brown, and for the most part 
spotted pigmentation after chronic catarrhs and hemorrhages, sometimes also in con¬ 
sequence of long retardation of the blood, e. g. , in the cavity of the stomach. Pigment 
is seldom deposited into the epithelium of the mucous membrane or glands, mostly 
in the tissue of the mucous membrane. The very frequent black coloration of the 
villi of the small intestine arises not by common pigment, but by one, like fat, soluble 
in ether. In many cases of this kind no catarrh is present, but probably the fat 
comes from the blood, which in gastric and other bleedings enters the intestine and 
here is resorbed by the villi. 

Pigmentary metamorphosis in the VESSELS occurs most frequently in the adventitia 
of the smallest arteries: haemorrhagic pachymeningitis especially affords beautiful 
preparations of this kind. 

Pigmentary metamorphosis of the remaining tissues and organs has little patho¬ 
logical importance. Concerning pigmentation of the lungs, see p. 64. 

In the blood of the new-born, and in decomposed foetuses, Neumann {Arch. d. 
Ileilk ., VIII., p. 170, and IX., p. 40) often found numerous needle-shaped crystals of 
bilirubin. The formation of crystals was always post mortem. All new-born children 
thus afflicted were affected afterward by icterus neonatorum. Crystals were found 
especially from the second to the seventh day of life, only where the coloring matter 
of the bile excreted during life was present in solution in the blood. Respiratory 
disturbances are probably always the immediate causes of crystallization. Infarctions 
of uric acid are almost constantly found at the same time in the kidneys. In rotten 
foetuses the formation of crystals has its foundation probably in a metamorphosis of 
the coloring matter of the blood into bile-pigment after the death of the foetus. 

Virciiow {Arch., XXXVII., p. 212) describes as ochronosis a peculiar black colora¬ 
tion of almrst all the cartilages and ligaments of the large and small joints of the 
synovial membranes, cartilages of the respiratory organs, intervertebral ligaments, of 
the intima of the large arteries, etc., which occurred in a man sixty-seven years old. 
The coloration of the cartilage varied in various parts, from light gray to black. The 
microscope revealed brown or yellow granules deposited into the intercellular sub¬ 
stance. The color was probably dependent upon a derivation of the coloring matter 
of the blood. The costal and bronchial cartilages generally show in old people a dark 
color through deposit of fine pigment molecules. The case cited repeats this condi¬ 
tion to a more intense degree. 
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Pigmentary metamorphosis of new-formed tissues of all kinds, if they are 
vascular, affects especially new-formed connective tissue, as pseudo-mem- 
branes of serous membranes, new-formation of vascular connective tissue 
upon the inner surface of the dura mater, hypertrophies of connective tissue, 
cicatricial tissue, tumors, etc. In some cases pigmentation (and extravasa¬ 
tion) is more important or observable than the new-formation itself of 
connective tissue and vessels : e.g ., in inter-meningeal apoplexy, in melanotic 
sarcomata and cancers. 

According to Neumann (Arch. d. Ileilk., 1871, XII., p. GO), melanosis, like fatty 
degeneration and cheesy transformation, is to be regarded as a peculiar form of retro¬ 
grade change of the tissues. 

Pure pigment tumors or melanomata, i.e., new-formations, which consist 
of pre-existent connective tissue and pigment in quantities deposited there¬ 
in. They rarely occur, most frequently in the choroid and iris. 

Vikchow (Arch ., XVI., p. 181) relates a case in which the cerebral and spinal pia 
mater presented all transitions from scattered and diffuse colorations to tumor-like 
brown and black nodules, and even showed transitions to sarcoma. Rokitansky 
(Allg. Wien. Ztg., 18(51, No. 15) relates a similar case. I found in a case of exquisite 
melanosis of the skin, and melanotic cancers of various parts, the connective tissue 
corpuscles of the skin, subcutaneous adipose tissue, peri- and endocardium, etc., as 
well as the muscle-corpuscles, so strongly filled with pigment, that there was thereby 
produced only an abnormal coloring of the affected parts, in part larger and smaller 
black nodules (Arch d. Ileilk , V., p. 280). 

The chapters devoted respectively to other kinds of abnormal coloration, are to be 
consulted : by substances, which enter the organism from without (p. 04); by amemia, 
hyperasmia, and hemorrhage; by metamorphoses and infiltrations, especially the 
fatty coloring; that by bile (see Icterus), etc. 

After very long internal use of nitrate of silver there are sometimes to be observed 
slate-colored or black colorations at first of the nails, then of the remaining parts of 
the skin, of the albuginea, of the mucous membrane of the mouth and soft-palate, 
even of the cerebral meninges, of cartilage and bone, of the serous membranes, most 
mucous membranes, of the membrane of the glands, of the kidneys. They depend 
upon impregnation by silver in a finely divided state. (Observations by Swe- 
diauer, Albers, Rayer, Wedemeyer, Falck, Rokitansky, Delioux. and others. 
Geuns, Arch. f. d. Holl. Beitr., 1858, I., p. 100.) 

Pseudo-pigmentation, or pseudo-melanosis, is a gray or blackish colora¬ 
tion, caused by the presence of sulphide of iron. The latter is formed by 
development of sulphuretted hydrogen in the intestine, or by the putrefac¬ 
tion of exudations or tissues. These colorations are oftenest found in the 
stomach, in old ichorous cavities of the extremities, serous membranes, etc. 
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Meyer, Ztschr. f. rat. Med., 1851, I. — Schroder v. d. Kolk, Nederl. lane., 1853, 
p. 97.— O. Weber, Virch. Arch., 1854, VI., p. 561.— Virciiow, Arch., 1855, VIII., 
p. 103; IX., p. 618; XX., p. 403.—H. Meckel. Microgeologie , 1856.— Beckmann, 
Virch. Arch., 1858, XV., p. 540. 

Calcification consists either in an infiltration of the tissues and glandular 
secretions with molecules or large granules, rarely with crystals, especially 
of carbonate and phosphate of lime, mostly also of like salts of magnesia; 
or in the abnormal deposit of the specific secretion of the glands, especially 
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of the elements of the urine and bile. Thus there appear in the tissues 
condensations varying in density to the hardness of stone : so-called calci¬ 
fications ; in the fluids, so-called concretions or calculi. 

1. Calcification of tissues. 

If calcification appears in the tissues, e.g. in the basis substance of the 
costal cartilages, the microscope at first shows the smallest molecules 
by which the affected parts, e.g. the hyaline cartilage substance, become 
clouded as though by dust. The molecules gradually increase in size; 
at the same time new molecules are deposited, which also grow. Thereby 
the structure of the affected part gradually becomes no longer recognizable, 
while in the part most changed the tissue becomes opaque, and consists 
entirely of larger or smaller, irregularly angular or rounded granules. 
These finally fuse together into a homogeneous mass, which by transmitted 
light shows dark black borders and a brilliant centre; by reflected light, 
how r ever, it appears as peculiarly whitish, and in which the non-calcified 
cells are for the most part still perceived distinctly. In this stage there 
frequently is a reappearance of a certain transparency (as glass, e.g., and 
crystals pulverized are opaque, but by a more intimate contact of their 
finest parts, i.e. by melting together, they again become transparent). The 
calcified parts are not colored by carmine, but are colored blue by hsema- 
toxylin. Fine sections also have a superficial appearance similar to that 
of bone-tissue, which similarity, however, is not retained on closer scrutiny, 
and after the addition of reagents. 

If to the calcified tissues strong acids, especially muriatic and nitric, be 
added, they will clear up from the periphery to the centre, and their normal 
structure will more or less completely return; but parts will commonly be 
much faded, since these acids always act more or less strongly also upon 
normal tissues. This clearing up takes place for the most part with a 
greater or less development of aii’-vesicles. The vesicles consist of carbonic 
acid. If this development is great, it is assumed that the deposited mass 
consists wholly, or for the greatest part, of carbonate of lime ; if it is small, 
phosphate of lime predominates. In almost all cases there is fouud, besides, 
a small quantity of other salts of lime, magnesia, etc. 

Calcification occurs physiologically and pathologically. 

An example of the physiological calcification of tissues is the cerebral 
sand of the pineal gland and choroid plexus, also, in part, growing bones. 

The instances of calcification of cartilage, arteries, etc., in old age, form, 
as it were, a transition to pathological states. 

Pathological calcification affects all parts of the normal organism (es¬ 
pecially hyaline cartilage, the valves of the heart, the coats of the vessels, 
especially of the arteries and capillaries, more rarely of the skin, mucous 
membranes, serous membranes, muscles transversely-striated and smooth, 
especially of the arterial wall, tendons, etc.); all tissues (except connective 
tissue and cartilage, also true and interstitial gland-tissue) ; the placenta; 
thrombi, extravasations, exudations, and new-formations of every kind. It 
affects most often new-formed connective tissue, especially that arising from 
chronic inflammation in the valves of the heart and in the intima of the 
arteries, more rarely that in adhesions and pseudo-membranes, in hypertro¬ 
phies, tumors, etc. Calcification affects cells, e.g. cartilage cells, as well as 
intercellular substance, most often that of cartilage. It is repeated in cells, 
if these are arranged in layers, the stratification being regular, e.g., in the 
meninges of the brain, ependyma, choroid plexus, and in the brain-substance 
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itself. The intercellular substance of cartilage is usually calcified first at a 
distance furthest from the vessels. 

Concerning calcifications of the placenta, consult CRUVEiuiriER (Anat. path., 1829, 
livr. I., p. (5; livr. XVI., p. 2), Spatii and Wedl (Klin. d. GeburUk. von C/iiari, u. s. 
w., 1858), Langiians (Arch. f. Gynak ., III., p. 150), and Frank el (lb ., II., p.373). 
The walls of the capillaries and vessels of the villi are for the most part the parts 
of the foetal placenta especially which are impregnated with lime; tnore rarely the 
epithelial layer of the villi and their mucous tissue basis substance. According to 
Langiians, calcification in the fully-formed placenta forms irregular retiform lines 
or small surfaces in the maternal placenta, and fine round processes, which extend 
from the latter into the depth of the foetal placenta, however without reaching the 
foetal surface. Hence it becomes intelligible that the prosperity of the child is not 
essentially injured. Calcification in the placentaj of immature foetuses for a long 
time dead is, according to Franker, confined to foetal tissue, and is found only in 
the finer villi; these are not calcified throughout their whole thickness, but the lime 
is deposited iu the wall of the vessels and in their lumen, according to L. only in the 
latter place. Whether this calcification explains the death of the foetus is still ques¬ 
tionable. 

The consequences of calcification are more or less entire loss of function 
and of all the remaining properties of the tissues: e.g ., in cells of every 
kind, most frequently in the epithelium of catarrhal or ulcerated mucous 
membrane of the bladder), in the crystalline lens, in muscles, cartilages, in 
the valves of the heart. In the coats of the vessels, especially those of the 
arteries, calcification is practically of the greatest importance, because of 
the friction and formation of eddies in consequence of the stiffness and un¬ 
evenness, as well as because of the destruction of the elasticity and contrac¬ 
tility of the vessel-wall, the reaction upon the heart (sometimes hypertrophy 
of the left ventricle), but especially upon the peripheric distribution of the 
vessels (which thereby contain less blood, etc.), not infrequently also be¬ 
cause of their laceration. A further change of calcified parts is unknown. 
Calcification of many tumors, e.g., fibroma, enchondroma, struma, tubercle, 
cancers, cysts, as well as extra uterine foetuses ( lithopcvdice ), is of advantage 
with respect to the whole organism, since it prevents their growth and their 
further general influence. 

The CAUSES of calcification of tissues are most often those of atrophy, 
especially very advanced age. The disturbances of nutrition which lead to 
calcification are mostly local and long continued : many disturbances of the 
circulation, chronic inflammation, gangrene. 

Virciiow (Arch., L., p. 304), when exteriorly on the vertex of the 
cranium there were traces of impression or fissure, has often found in the 
apparently uninjured parts of the gyri beneath, a great number of ganglion- 
cells of the gray cortex calcified. lie accordingly assumes a necrosis, etc., 
from commotion. 

The genesis of calcification of tissues varies. 

In the ordinary calcification of tissues the lime-salts must be brought in 
solution into the tissue and there deposited. Carbonic acid is to be regarded 
a solvent of carbonate and phosphate of lime, and is always contained in the 
blood in such quantities that the carbonate of lime and at least the neutral 
phosphate of lime may be doubled in quantity, both of which salts are solu¬ 
ble. And yet there are other acids which form soluble salts of lime which 
take a part in the transportation of lime into the calcifying tissues (volatile 
fatty acids, lactic acid, and glycerin-phosphoric acid). When they have 
reached their destination, the lime-salts must again assume the insoluble 
form. If carbonic acid is the solvent, this process is possible by assuming 
that the gas escapes; on the other hand, lime-salts may be precipitated as 
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insoluble compounds and so become permanent, and it may be assumed that 
such precipitates are caused by the higher fatty acids, whose lime-salts are 
known to be insoluble. The insoluble fat-salt of lime may then be trans¬ 
formed by oxidation into carbonate of lime. Also neutral or basic phos¬ 
phates of the alkalies may induce this change: for basic phosphate of lime 
is not at all, the neutral phosphate only very sparingly, soluble. 

Sometime^ calcification arises in consequence of metastases. In extensive 
resorption of earthy salts from the bones (extended caries, numerous carci¬ 
nomata of the bones, etc.), and the prevented excretion of them through the 
kidneys, the lime-salts, e.g., are deposited in other parts of the organism: 
most frequently in the pyramids of the kidneys (as infarctions) ; more rarely 
in the lung-tissue, in the mucous membrane of the stomach, still more rarely 
in that of the intestine, in the mucous membrane of the ethmoidal and 
sphenoidal cells, in the dura-mater, liver, in the cerebral vessels. The 
affected parts thereby assume for the most part a pumice-stone consistency. 

Kuttner ( Vireh. Arch ., 1872, LV., p. 521) describes a sudden and quickly extend¬ 
ing calcification of the inner coat of almost all the arteries of the body, especially the 
smallest, in a man twenty years old, with scrofulous caries of most of the vertebrae, 
and with fatty degeneration of the liver, etc. 

Deposits of urate of soda occur in arthritis, especially in the articular 
cartilages, in the neighboring ligaments and tendons, and in the cartilages 
of the ear; more rarely in the spongy ends of bones, the skin, kidneys, 
vessels, and in the interstitial tissue of the pyramids of the kidneys. 

Arthritic concretions, according to Garrod (The Nature and Treatment of Gout, 
1859 ; transl. by ElSENMANN, 18(51), are originally excreted as a limpid liquid, which 
is very rich in urate of soda : this crystallizes out, whereby the liquid assumes a 
milky appearance; the liquid part becomes gradually resorbed, and thus the exuda¬ 
tion by and by becomes permanent and finally hard. Sometimes the concretions 
contain much phosphate of lime, which probably is the result of a secondary deposit, 
whilst the urate of soda, acting as a foreign body, gives rise to an inllammation, the 
product of which becomes chalky. G. found in seventeen out of thirty-seven sick 
with gout evident gouty deposits: in seven the deposit was perceptible only in the 
external ear, in nine it was simultaneously in the ear and circumference of the joints, 
and in only one case were deposits found in other parts of the body without the ear 
being affected at the same time. The deposits in the folds of the external ear vary 
in size from that of a pin’s head to that of a half pea, are firm or soft, in the latter 
case containing a creamy liquid, consisting of needles of urate of soda. Consult also 
Hartmann, Ueb. einen Fall von Arthritia urica, Berl. Diss., 1868. 

According to CORNIL-RANVIER, uric acid salts are first deposited in the cells them¬ 
selves. and afterward in the tissue between them ; according to Zalesky, in his 
experiments on birds by ligating the ureters, these salts appear first in the intercel¬ 
lular substance. According to Chrzonszcewsky (Vireh. Arch., XXXV., p. 174), 
the most important quantity of the urates is not formed in the kidneys, but in con¬ 
nective tissue, whence they are carried into the lymphatics (these sometimes appear 
as if injected with white shining masses), and farther into the bladder. 

2. Concretions, or calculous formation. 

If calcification appears in liquids (secretions), these become first cloudy 
like lime-water, more consistent, later thick like mortar, and finally are 
converted into chalky or stone-like masses: calculi or concretions. These 
vary greatly in size and shape. The latter depends partly upon the form of 
the cavities inclosing the concretion, partly upon unknown causes. Their 
surface is smooth or rough. Their consistence is sometimes soft and crum- 

<D 

bling, sometimes hard like stone or bone. Their color varies with the 
essential composition of the concretion, and with the unessential elements, 
between white, yellow, reddish, brownish-black, etc. 

Concretions may be examined microscopically in thin polished sawed sec- 
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tions, or in fragments when the foi'mer are impossible on account of the 
crumbling nature of the specimen. In section by transmitted light there are 
seen in a bright basis substance irregularly rounded, elongated, and other¬ 
wise shaped parts of varying size, which sometimes are not unlike bone- 
corpuscles, but prove to be spaces filled with air, formed in part naturally, 
in part artificially. In other cases there are seen smaller and larger, wholly 
irregular fragments, with black contour, which on the addition of acids 
behave in the manner described. 

The causes of the formation of conci'etions are chiefly catarrhs of the 
mucous membranes, the presence of foreign bodies, changes in the secretions 
of glands. 

In China, praoputial calculi are as frequent as urinary ; their cause is the frequently 
occurring phimosis. (Kerr, New York Med. Jour., Mar., 1872.) 

The consequences of calculi are: irritation of the skin and mucous 
membrane (colics due to biliary and renal calculi—catarrhs, ulcerations, 
perforations), contraction or whole occupation of the space of the inclosing 
cavity, thereby diminished or arrested function of the tissue of the cor¬ 
responding gland; more r arely irr itation of the bor dering serous mem¬ 
branes (peritonitis) or of the adjacent vessels (pyelo-phlebitis). 

Calculi sometimes remain a lorrg time in the same condition. Or, after a 
certain period, they dissolve. At other times they are transformed into 
other substances : metaschematism. This is sometimes followed by their 
spontaneous destruction. Or they are in various ways removed from the 
organism. 

According to Meckel, gall-stones may either show perpendicular cleavages (radiate), 
so that they finally are entirely broken up ; or they are from without, uniformly or 
in spots, dissolved by the bile; or both processes occur together. This is also 
Frekich’s view {Klin, der Leberkrkh ., 2. Aufl. II., p. 487). Wyss ( Memorab ., 1872, 
1. H. ) describes as another mode of solution for those cases where two or more calculi 
are present, the grinding together of the calculi, the formation of smooth surfaces 
(secondary, in opposition to the primary which were present before and grow with 
the growth of the calculus). 

a. Chalky calculi consist chiefly of carbonate and phosphate of lime in 
varying proportion, of a very small quantity of carbonate of magnesia, 
water, mucus, albumen, and organic elements; their nucleus is sometimes 
a foreign, body. They are found most frequently in the tonsils, in the ver¬ 
miform process, in the veins, and in dilated bronchi, and cancers; more 
rarely in the nose, larynx, uterus, vagina, under the preepuce, etc. 

Venous calculi ( pJdeboliths ) are for the most part calcified blood, and fibrin clots. 
But probably they arise in part in other ways (Wedl, Oest. med. Jahrb., 18(51). The 
so-called lung-stones are most often inspissated and calcified secretion of the smaller 
bronchi; more rarely is it the smallest lobules of the lungs, which, after that they 
have been affected by catarrhal pneumonia and are calcified, pass outward by a 
sequestrating suppuration of the surrounding connective tissue: so-called phthisis 
calculosa. 

b. Concretions of gland-secretions are: urinary calculi, gall-stones, 
tartar on the teeth, salivary calculi, panci’eatic calculi, lachrymal calculi, 
prostatic calculi, calculi of the milk-ducts, calculi of the sebaceous glands, 
so-called seminal calculi. Also to these belong the so-called infarctions of 
the kidneys. 

The urinary and biliary calculi are the most frequent and most important. 
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Urinary calculi, which occur especially in the bladder, arise either from the 
beginning in the bladder, because the urine, in consequence of its too great acid con¬ 
tents, lets fall free uric acid or urates ; or because it undergoes an .alkaline fermenta¬ 
tion (this arises through the access of a ferment, or of fungi to the bladder); or 
because the urine-salts are precipitated on solid bodies found in the bladder (pus, 
mucus, blood, foreign bodies accidentally within the bladder); or they come from 
the kidneys and upper portions of the urinary passages into the bladder and there 
increase in size. 

According to their essential constituents, there are distinguished: 

Calculi of URIC ACID and URIC ACID salts: most often round, or rounded, hard, 
yellow, brown or brownish; rarely white, smooth or somewhat rough; mostly lam¬ 
inated on section. 

Calculi of urate op ammonia only: like the preceding,—rare. 

Calculi of the phosphoric acid salts, especially of ammonia and magnesia, often 
also of lime: frequent; round or rounded, firm or chalk-like, white, smooth ; for the 
most part laminated on section. 

Calculi of phosphate of lime only: like the preceding,—rare. 

Calculi, which consist at the same time of uric acid or urates, and of phosphates, 
sometimes so that layers of these alternate, sometimes so that one substance forms 
the nucleus, the other the outside layer;—frequent. 

Calculi, which, besides the salts before-mentioned, contain also carbonate of 
lime, which forms sometimes the nucleus, sometimes the outside layer. 

Calculi of oxalate of lime : frequent, especially in young persons; the larger 
have a warty, even thorny surface (so-called mulberry calculi), a laminated section, 
are dark brown, very hard; the smaller are smooth, lighter colored (so-called hemp- 
seed calculi). 

Calculi of oxalate of lime, surrounded by layers of phosphate of lime or urates. 

Calculi of cystin : very rare, small, rounded, yellowish, smooth. 

Calculi of xanthin : very rare, small, rounded, light brown, smooth. 

The larger urinary calculi occur almost always singly, the smaller singly or in 
numbers, the smallest (so-called urinary sand) sometimes in numberless quantity. 

Renal infarctions are accumulations of salts in the tissue of the kidneys, espe¬ 
cially in the pyramids. These lie either in the lumen of the urinary tubuli or in the 
epithelium, or in the membranes of the former, or in the intermediate connective 
tissue : the latter is the case in calcareous infarction (Koster, Versl. en Mededed. dor 
Kan. Akad. von Wetensch ., 2. R.. Deel VI., 1872), the former in the remaining. 
They sometimes have no signification, sometimes they lead to the formation of larger 
concrements or to more profound diseases of the kidneys (cysts, etc.). 

According to the combination of these, there are distinguished : 

Infarctions of urates, which consist of uric acid and urate of soda, and often 
affect the new-born (from the first days after birth to the third and fourth week of 
life), rarely adults. 

Calcareous infarction, which consists of carbonate of lime, according to 
IIoppe ( Deutsche Klin., 1854, No. 14), especially of phosphate of lime, and occurs 
frequently in more advanced age. 

Triple-piiospiiate infarction (Froriep). 

(In Virchow’s so-called pigment-infarction large masses of pigment are found in 
the urinary tubules. ) 

Gall-stones occur especially in the gall-bladder, more rarely in the larger and 
smaller gall-ducts. Their number, size, form, and other properties change with 
their constituents. The latter are : especially cholesterin and the coloring matter 
of the bile, especially as bilirubin ; also carbonate and phosphate of lime, mucus, 
biliary acids, margarin. Gall-stones arise sometimes in consequence of an abnormally 
increased proportion of cholesterin and biliary coloring matter in the bile; sometimes 
precipitation of these substances is facilitated by catarrh of the mucous membranes; 
their nucleus is rarely a foreign body. According to Mettenheimer (Arch. f. Anat. 
Phys. u. iciss. Med., 1872, p. 5C9), many gall-stones arise perhaps by inspissation of 
chalky, etc , substances in the villi, sometimes occurring on the mucous membrane 
of the gall-bladder. 

Usually there are distinguished : 

Calculi of cholesterin : single or few, small or of the size of an egg, mostly 
round or oval, smooth or in various ways granulated, whitish or yellowish-brown; 
rarely angular ; always with crystalline striation of the surfaces of fracture or sec¬ 
tion. 
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Calculi of Ciiolesterin and biliary COLORING matter, with small quantity 
of carbonate and phosphate of lime, in various proportions of these constituents : most 
frequent; brown or green; of different sizes; for the most part many; round or 
angular ; smooth ; with chalky section like the external surface or variously colored 
in the different layers. 

Calculi of biliary coloring matter alone (rare): brown or green ; small; less 
numerous ; round or pointed. 

Calculi of CARBONATE of lime alone : light; rough ; with crystalline fracture. 

I found in the seminal vesicles of a kyphotic person, about forty years old, a forma¬ 
tion probably representing a lower grade of SEMINAL CALCULI. It was about .8 mm. in 
diameter, rounded, somewhat flattened, and consisted of a homogeneous, dense sub¬ 
stance, not affected by acetic acid and alkalies, and of numberless spermatozoa. The 
latter lay partly in the formation, in part the bodies only were found, while the tails, 
tuft-like, projected from the periphery. 


e. LARDACEOUS, OR AMYLOID DEGENERATION. 

(Waxy degeneration, cellulose degeneration, vitreous swelling, hyaloid degeneration, 

Virchow’s degeneration.) 

Rokitansky, Ildb. d. path. Anat ., 1842, III., p. 811, 384,417, 424; 184G, I., p. 
445 ; Sitzgsber. d. Wien. Acad., 1854, XIII.— Christensen, Copenh. Ugeskr., 1844. 
—Meckel, Cbarite-Ann., 1853, IV., p. 264. —Busk, Quart. Journ. of Micr. Sc., 
1854, No. VI., p. 101.— Gairdner, Ed. Monthly Journ. of Med. Sc., 1854.— Sanders, 
Monthly Journ., 1854. —Virchow, Arch., 1854, VI., p. 268 et 41G; VIII.. p. 140 et 
884; XI., p. 188; XIV.. p. 187; XV., p. 232; Wilrzb. Verb.. VII., p. 222.— 
MoLEsenoTT. Wien. Wochenschr., 1855, No. 9.— Friedreich, Virch. Arch., X., p. 
201 u. 507; XI., p. 387 ; XV., p. 50 ; XVI., p. 50.— Loeper. Bcitr. s. path. Anat. d. 
Lymphdr. Wilrzb. Dm., 1856.— Wilks, Guy's JIosp. Rep., 1856, II.— Pagen- 
stecher, Die amyl. Degener. Wilrzb. Dies., 1858.— Kekule, lleidelb. Jahrb., 1858. 
—Beckmann, Virch. Arch., 1858, XIII., p. 94.—C. Schmidt, Ann. d. Chem. u. 
Pharm., 1859, CX., p. 250.— Neumann, Deutsche Klin., 1860, Nr. 35, 37 et 39.— 
Arch. d. Ileilk., 1868, p. 35— Pleischl and Klob, Wien. Wochenschr., 1860.— 
Lambl, Am. d. Frz.-Jos.-Kinderspit., 1860, p. 311.—E. Wagner, Arch. d. Ileilk., 
1831, II., p. 481; VII., p. 569.— Hertz. Greifsic. med. Bcitr., 1863, p. 93.— Rud- 
nkff and Kuhne, Virch. Arch., 1865, XXXIII., p. 66.— Feiiii, Ueb. d. amyl. Degen. 
insbcs. d. Nieren. Diss. Bern. 1866.— Kvber, Stud. ub. d. amyl. Degen., Dorpat, 1871. 

Lardaceous or amyloid degeneration is for the most part a chronic, 
almost always a secondary filling of the tissues (especially the small arteries 
and capillaries, more rarely also other elements) with a peculiar homo¬ 
geneous substance, having a dull lustre, translucent, almost always colored 
characteristically by iodine and sulphuric acid, but albuminous, which 
substance in high degree causes ischaemia of the parts, induces emaciation of 
the surrounding tissues, diminishes or arrests the function of the organ 
affected, for the most part induces anaemia of high-grade with general 
marasmus, and (in higher grades) is never curable. 

Lardaceous degeneration is next to fatty metamorphosis the most im¬ 
portant anti most frequent degeneration. Its reaction on the whole organ¬ 
ism is, because of its for the most part great extension, greater than that 
of every other degeneration. 

Lardaceous degeneration occurs oftenest in the lymph-glands, spleen, 
liver and kidneys. Next in order are the mucous membrane and sub¬ 
mucous tissue of the digestive canal, omentum, and supra-renal glands. 
This form of degeneration is more rarely found, and almost always in much 
less degree, for the most part simultaneously with that of the organs 
above mentioned, in the other coats of the digestive tract from the mouth 
to the anus, in the pancreas, in the mucous membrane of the bladder, 
in the prostate gland, in the uterus and vagina, in the ovaries, testicles, 


AMYLOID DEGENERATION. 


323 


heart, in the vasa vasorum of the aorta, in the small veins, in the thyroid- 
gland (struma amyloidea), in the bronchi and lungs, in some nerves, in 
adipose tissue; in blood-coagula. Not infrequently fibrin-casts also are 
found lardaceous in kidneys affected by lardaceous degeneration. 

Lardaoeous degeneration in the vessels of the external muscles of the body and skin 
is very rare; it has not yet been observed in those of the bones. 

The order in which the various organs become thus affected, has not yet been 
accurately determined. Probably in suppuration of long standing the lymphatics are 
first affected and then the remaining organs. It is likewise unexplained, why, in 
cases apparently alike, at one time the spleen, liver and kidneys are affected to an 
almost equal extent, while at another time one or another of these organs are affected 
and the integrity of the others is preserved. 

Slight degrees of lardaceous degeneration cannot be perceived by the 
naked eye. Higher degrees, on the other hand, change the organs, espe¬ 
cially the livei', spleen and kidneys, less the lymph-glands and mucous 
membranes, in a characteristic manner. These changes consist in slight, 
moderate, or great enlargement of the organs, with preservation of the 
normal shape, or with a thickening of their normally sharp borders ; in a 
peculiar gray or pale-gray coloring; in a homogeneous, tolerably dry, 
strongly translucent appearance, and in a tough, doughy consistence. These 
conditions belong to the whole organ uniformly, or to certain parts of it 
chiefly; e.g ., the follicles in the spleen, the cortical substance alone in the 
kidneys, the medulla in the supra-renal capsules, etc. The blood-contents 
of the part fas well as of the whole body) are diminished almost always to 
a great degree; the blood flowing out of the larger vessels after section is 
mostly bright and fluid. The organs decompose with difficulty. 

These peculiarities are obliterated to a greater or less degree, if the 
organs were beforehand, or becomes simultaneously diseased in other re¬ 
spects. The most frequent changes are fatty infiltration and fatty meta¬ 
morphosis of the cellular elements (liver and kidneys), hypertrophy of 
connective tissue (kidneys, etc.), increased blood-supply, and increase of 
pigment (various organs). 

The microscope, or the reaction by sulphuric acid and iodine, is employed 
to recognize lardaceous degeneration of parenchymata, in its lower grades, 
as well as that of membranous organs, or of conjunctive tissue. 

Lardaceous degeneration is characterized microscopically, by more or 
less increase of the diameters of the tissues affected; by their peculiarly 
light, homogeneous, dull appearance, and characteristic coloring by iodine 
and sulphuric acid; and by the fact that the former granular condition of 
the cell-contents, as well as the nucleus, cell-membrane, etc., are no longer 
demonstrable. 

Lardaceous degeneiation affects small arteries and capillaries oftenest, 
and earlier than all other tissues, much more rarely the veins. This form 
of degeneration is at once most characteristic in the vessels. The diameter 
of the capillaries is doubled, and more; no nuclei are to be found in 
their walls; their lumen is more or less contracted, not infrequently becom¬ 
ing entirely closed. Lardaceous degeneration affects the small arteries in 
a similar manner: here the intima, with the endothelium and the muscular 
coat, and rarely the adventitia also, are probably affected nearly at the same 
time ; also the me mb tame proprise, e.g ., the urinary tubules. In the much 
more rare lardaceous degeneration of cells, as of glandular cells, nuclei and 
cells of the tissue of the spleen and lymph-glands, the former at first increase 
in diameter and are more granular; thereupon they again become light, 
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homogeneous, dull, are more firmly united to one another or blend together; 
the nucleus disappears, or is no longer visible. Finally, the cell becomes 
transparent and bright, and is very brittle, easily breaking up into smaller 
fragments. Lardaceous degeneration of connective tissue is still in ques¬ 
tion. 

Kyber holds with Virchow that the muscular coat in small arteries is the chief 
seat of the degeneration ; but in many organs it is almost as often the intima. Only 
in the omentum has Kyber found a continuous extension of the degeneration from 
the small arteries through the capillaries to the veins. In the heart, Kyber found 
degeneration of the endocardium, also of the auriculo-ventricular valves, as well as 
of the muscular tissue (rarely of the substance of the muscle itself, for the most part 
of the sarcolemma). Lardaceous degeneration often affects also the trunks and 
large branches of arteries and veins : of the former the aorta and pulmonary arteries 
to the greatest extent and earliest, besides those given off from the arch of the aorta, 
never those beyond the axillary and common carotid arteries, never the femoral. In 
the large arteries, the middle layers of the intima, single groups only of muscle-cells 
in the muscular coat, the nutrient vessels in the adventitia are affected. In the vena 
portae and hepatic veins, the degeneration is often general, without a single hepatic 
capillary being affected. 

According to Ar.mauer-Hansen ( Beitr. z. Anat. d. LympMr., 1871), there are two 
kinds of amyloid degeneration of the lymph-glands : in the one the bloodvessels 
chiefly degenerate, in the other the sinus (lymphatic vessels ?). The spleen shows 
the same relations. In ‘ 1 sago-spleen ” only the parenchyma of the arterial sheaths 
(Malpighian bodies and simple cytogenic sheaths) is lardaceous ; the parenchyma of 
the spleen is normal. On the other hand, in diffuse lardaceous spleen the latter is 
lardaceous: a thin tunic of lardaceous substance is first shown in the neighborhood 
of the capillaries of the veins; the spindle-shaped cells lying nearest the lumen of 
the veins are not lardaceous ; on the other hand, the limiting fibres of the net-work 
and the intermediate substance are lardaceous. The sheath of the arteries is free, 
but may later also become degenerated. (Kyber, Arch. f. micr. Anat., 1872, VIII., 
p. 5fi8.) 

Rokitansky (Jldb., 1855, I., p. 329), as well as Lambl and Neumann (1. c.), found 
lardaceous degeneration also in the muscular elements of the intestinal wall, and in 
the muscular substance of the villi, in the muscular in mucosa, and in the proper 
muscular coat of the intestines. The muscle-fibres become broader, their nucleus 
indistinct, and they appear to blend together, and easily break up into irregular 
flakes. 

Hayem (Gaz. vied, de Par., I860, No. 6) found amyloid degeneration also in con¬ 
nective tissue, and very rarely in fat-cells. According to Kyber. the degeneration 
affects the fat-tissue between the fat-lobules and the septa between the fat-cells, 
sometimes only the nuclei, sometimes also the fibres ; also, according to Hayem, the 
membrane. 

The lymphatic vessels in the vicinity of capillaries which have suffered 
lardaceous degeneration, are for the most part strongly contracted; the 
gland-cells, if they are not themselves degenerated, show all grades of simple 
atrophy to complete disappearance, partly in consequence of diminished or 
wholly interrupted supply of arterial blood, partly in consequence of com¬ 
pression. 

The reaction of the material of lardaceous degeneration is especiallv char¬ 
acteristic. Degenerated parts, cleaned as far as possible of blood, receive 
a peculiar brownish-red color (like mahogany) by iodine (solution of iodine 
in water, or diluted tincture of iodine, or solution of iodide of potassium), 
while parts not degenerated are colored yellow. After the addition of 
dilute or concentrated sulphuric acid, they immediately or after minutes 
and hours, receive a violet, rarely a blue color, which then either remains 
unchanged for hours and weeks, or after a short time again disappears. 
The reaction on the fresh organ affords to the naked eye a dark violet or 
black color. If the parts are mixed with the usual albuminate, there ap- 
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pears a bluisli-green or green color. (Sometimes the'reaction succeeds only 
after repeated trials.) The remaining reactions afford nothing worthy of 
note; water leaves the lardaceous substance unchanged ; acetic acid diluted 
has no effect; concentrated, it causes the substance to somewhat swell up ; 
concentrated alkalies dissolve it; alcohol and ether are without effect. 

While iodine and sulphuric acid are usually necessary to bring out the character¬ 
istic color of the lardaceous substance, Friedreich describes a case where, after the 
addition of iodine alone in the spleen affected by lardaceous degeneration, in the pulp 
as well as in the follicles, there arose a deep blue or violet blue color, which caused 
Fk. to assume, besides the amyloid, an amylous tumor of the spleen. 

With respect to the nature of lardaceous degeneration, it was believed that the 
combination of lardaceous substance could be recognized by the reaction by iodine 
and by iodine and sulphuric acid, although the disease had for a long time been 
called albuminous obstruction, albuminoid infiltration. The English called it waxy 
degeneration; Budd, colloid degeneration ; Meckel, on account of the similarity 
of the reaction, etc., cholesterin degeneration; Virchow introduced successively 
the names cellulose degeneration, lignification, and amyloid degeneration; O. Weber 
calls the disease vitreous swelling, or hyaloid degeneration, or hyalinosis. 

Most of these names and theories have been shown to be untenable, since two ele¬ 
mentary analyses, made by different chemists on different lardaceous organs, led to 
an altogether unexpected disclosure. Kekule’s investigations on a lardaceous spleen 
of highest grade showed : that it contained a considerable quantity of cholesterin, 
but that the latter is not the cause of the reaction by iodine and sulphuric acid ; that 
it contains no body similar in a chemical point of view to starch, or cellulose; that 
the agreement of the combinations of this substance with albuminous substances is 
so great that, as in a body of a kind which does not allow of an absolute clear repre¬ 
sentation, it is only possible that lardaceous substances are peculiarly modified and 
changed albuminoid materials. According to C. Schmidt’s analysis, made likewise 
on a lardaceous spleen, the amyloid is not a hydro-carbon free from nitrogen, but 
a nitrogenous albuminate. 

Lardaceous degeneration is most probably a retrograde metamorphosis of albumi¬ 
nates, the lardaceous substance is probably an intermediate step between the latter 
and fat and cholesterin. There are perhaps many such intermediate steps. The 
nitrogenous contents of lardaceous substance only show that nitrogen is present, but 
they do not show that it is in form of an albuminous body. Meckel’s investigations 
showed the abundance of cholesterin. 

Rudneff and Kuhne freed lardaceous substance from all fixed albuminous matters, 
by digesting it with artificial gastric juice, until the latter no longer took up peptone 
at 40° C. Accordingly, its composition also agrees with that of albumen, but shows 
some opposing reactions. Its composition appears more essentially complicated than 
that of albumen. 

Dickinson ( Med. Times and Oaz ., 1868, No. 951) found in comparative investiga¬ 
tions of healthy livers and those with lardaceous degeneration, that the latter was 
decidedly poorer in alkaline salts than the former. The average loss amounted to 
almost a fourth of the normal quantity of saline ingredients. From this and on 
account of the aetiology of lardaceous disease, D. concludes that it consists essentially 
only in a want of alkalies in the tissues. 

Whether lardaceous substance arises by metamorphosis of common protein sub¬ 
stances, or whether it is deposited in consequence of a metastasis, has not as yet been 
determined. Rindfleiscii includes the degeneration among the so-called infiltra¬ 
tion-states : an albuminous body of the nutritive liquid is detained on its way through 
the tissues and is excreted in solid form. To this is referred also the early disease of 
the smallest arteries and capillaries. 

With as great difficulty can it be decided whether lardaceous substance, reacting in 
a similar manner with iodine and iodine and sulphuric acid, is analogous to a sub¬ 
stance occurring in the cells and basis substance of many cartilages (Virchow), 
especially often of the tracheal cartilages (Kyber), of the cartilages of a spheno¬ 
occipital ecchondrosis (Klebs), as well as in old fibrinous coagula (Friedreich). 
Lardaceous substance has probably nothing in common with the corpora amylacea , 
colored blue by iodine alone, with peculiar bodies which Virchow found in the 
vessels of the retina and gall-bladder, with myelin, etc. 


Diseases, in consequence of which, lardaceous degeneration appears, are 
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almost always those in which suppurations of long duration occur in the 
bones or soft parts, for the most part with evacuation of the pus and debris 
of tissues; at the time of death pus is for the most part still flowing, some¬ 
times it has been dried up for years. The primary affections here are, 
chiefly : caries of one or more bones, chronic ulcerous tuberculosis of the 
lungs, often with chronic ulcerous tuberculosis of the intestines; more 
rarely chronic ulcers of the soft parts, especially simple or tuberculous ulcer 
of the intestines, simple cutaneous ulcers, chronic syphilitic ulcers of the 
skin or intestinal canal, urinary fistulae of long duration, chronic psoas 
abscesses, bronchiectasim, chronic pyelitis, ulcerating carcinomata, etc. 
Much more rarely is lardaceous degeneration found in consequence of con¬ 
stitutional syphilis without long-continuous suppuration, as well as in con¬ 
sequence of exhausting diarrhoeas without intestinal ulcers. Finally, it 
occurs very rarely in constitutional syphilis without suppuration (also here¬ 
ditary), in leucocythamiia, typhoid fever, in rachitis, obstinate malarial 
fevers, organic diseases of the heart. It has been observed primarily only 
in the form of so-called Bright’s disease. 

Lardaceous degeneration is in the greater number of cases a chronic dis¬ 
ease, sometimes extending through many years, as it certainly follows from 
clinical observation. In many rarer cases the duration is much shorter, 
lasting even only one or few months. The causes of lardaceous degenera¬ 
tion have not as yet been disclosed. 

Many of our own observations, as well as the three made by Coiinheim ( Virch. 
Arch., 1872, LIV., p. 271), indicate that lardaceous degeneration maybe developed 
in 4-0 months. 

The consequences of lardaceous degeneration are on this account with 
greater difficulty determined, since it arises primarily with extreme rarity, 
since the consequences of the primary affection and those of the lardaceous 
disease are in part the same, and since, finally, lardaceous degeneration of 
the vessels in glandular organs is followed by secondary affections of the 
glandular epithelium (simple atrophy and fatty metamorphosis). They are 
especially diminution of arterial blood-supply, and diminished or wholly 
suspended normal transudation, as well as the effects of pressure of the 
thickened vessels on the circumjacent lymph-capillaries and gland-cells. The 
consequences of lessened nutrition attract but little attention, with the 
exception of individual organs, as of the intestine, very rarely also of the 
liver, where in consequence of lardaceous degeneration, peculiar so-called 
lardaceous ulcers arise. Lessened nutrition is, however, followed farther on 
by diminished function. This becomes the more striking, as lardaceous 
degeneration especially affects glandular organs. The disturbances of func¬ 
tion consist partly in interrupted blood-formation (in lardaceous disease of 
the liver, spleen, lymph-glands, intestinal mucous membrane), and from 
this, in ansemia, hydrannia, marasmus, dropsy; they are partly disturb¬ 
ances of specific function, e.y., of the liver, kidneys, intestinal mucous 
membrane, but which clinically are as yet but little known. 

Lardaceous degeneration limited locally has been observed but a few times: in 
cartilage, also in new-formed tissues (Virchow), in lymph-glands (Billroth), in 
mesenteric glands after typhoid fever (Hirsciifeld), in a soft connective tissue 
tumor of the lower eyelid (Kyrer, 1. c., p. 111). Lindwurm and Bttiil (ZUclir. 
/. rat. Med., 18(12, XIV., p. 257) observed hypertrophy and ulceration of the 
skin with amyloid degeneration in a man fifty-four years old. The skin of the 
whole body had been affected about thirteen years. The affection resembled pity - 


AMYLOID DEGEN ERATION. 


327 


riasis rubra , lichen ruber, ichthyosis hystnx s. cornea, ichthyosis simplex ; the surface 
of the body bore 50-00 ulcers. Not only the latter, but also the entire skin were 
painful. (See also Kyber’s cases, 1. c., p. 134.) 

Hayem (1. c.) saw amyloid degeneration in the intestinal canal extend through the 
whole thickness of the wall, corresponding especially to the follicles, so that finally 
there appeared amyloid erosions and ulcerations. According to Colberg (D. Arch, 
f. klin. Mecl., 1807, II., p. 478), ulcers without any combination with tuberculosis, 
often occur in amyloid intestinal mucous membrane. They begin on the summit 
of the villi, dependent upon mechanical irritation of the ingesta, especially if the 
latter—in simultaneous lardaceous degeneration of the kidneys—are mixed with 
urinous products of decomposition. 

Buiil (Lunyenentz, etc., 1873, p. 59) describes a lardaceous cirrhosis of the lungs; 
the capillaries and smallest arteries are degenerated, the interlobular connective 
tissue is thickened by cell-growth. 

The termination of lardaceous disease in its higher grades, which only 
are to be diagnosticated w r it,h certainty, is with rare exceptions fatal. 
Slight degrees of it, on the other hand, which almost entirely escape recog¬ 
nition, may doubtless be cured, with the removal of the cause, e.g. , of 
ulcerous secondary syphilis. The kind and manner of cure is wholly un¬ 
known. 


The following points serve for the diagnosis of lardaceous disease in general: I. 
with respect to the causative disease (vide supra) ; 3. the enlargement of the liver 
and spleen, as well as that of the lymph-glands and kidneys, which is rarely demon¬ 
strable ; 3. the symptoms of anaemia, wasting and cachexia, which in its long dura¬ 
tion are rarely absent; 4. dropsy of the lower extremities, which is seldom absent, 
as well as general dropsy, which occurs m almost half of the cases ; 5. the absence 
of other causes of congestion. On account of lardaceous degeneration of the kid¬ 
neys occurring mostly at the same time, the urine usually exhibits characteristic 
changes, so much the more, if other renal disorders, especially those dependent upon 
affections of the heart, may have been excluded ; the urine for the most part has 
an increased specific gravity, its coloring matter is greatly increased; the urine is 
clear and mostly albuminous, but the albumen occasionally disappears; it contains 
probably characteristic casts ; the quantity of the urine is at first usually increased, 
but later diminishes (Tkaube, Rosenstein, and others). Finally, abundant watery 
diarrhceic stools occur on account of the frequent simultaneous existence of intestinal 
ulcers, as well as on account of the often present lardaceous degeneration of the 
vessels of the intestinal mucous membrane. 


CORPORA AMYLACEA, AND LAMINATED AMYLOID BODIES. 

Purkinje, Ber. ub. d. Pray. Verh. d. Naturf. , 1837.— Virchow, Arch., VL, pp. 
135 u. 41(5. —Donders, Nederl. Lane., 1854, I., 24. —Friedreich, Virch. Arch., 
1856, IX., p. 613; X., pp. 201 and 507.— Paulizky, lb., XVI., 147. 

Corpora amylacea are commonly ranked with lardaceous degeneration, 
although they have nothing in common other than in part the reaction 
with iodine, or with iodine and sulphuric acid. But they are probably also 
nitrogenous. 

The bodies mentioned are very small, or macroscopical, round, oval 
or irregular, homogeneous or concentrically laminated, in varying number 
and regularity, dull bodies. Most of them become blue or biuish-gray by 
iodine alone, or receive a beautiful blue coloring by the addition of sul¬ 
phuric acid; many, in consequence of a combination with more nitro¬ 
genous substances, become oidy green, others finally, only brown or yellow. 
Hot water, as well as caustic alkalies, gradually dissolve these little 
bodies, while alcohol and ether efiect no change. Their transformation 
into sugar has not yet been accomplished. The laminated amyloid bodies 
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of the prostate often contain in the centre cells or nuclei, or forms similar 
to these, those of the lungs often particles of carbon, or blood-corpuscles. 

Corpora amylacea are most frequent in the nervous system, and above 
all, where the so-called neuroglia is found, especially also in the ependyma 
of the ventricles, especially if this is thickened, in the white substance of 
the brain (in chronic mental diseases, atrophy of the brain, etc.), in the 
same parts of the spinal cord (in high degree in the so-called tabes dorsalis), 
in the pituitary body, in the choroid plexus, in atrophic nerves of every 
kind, especially in the optic nerve, and in the retina; also in the prostate, 
where they reach their greatest volume, since here many such bodies often 
have a common envelope, as well as in the urino-genital mucous membrane; 
finally in the lungs, in the gall-bladder, and in rare cases in many epithelia 
of mucous -and serous membranes, in cicatrices of the skin, in the interior 
of pldeboliths, in osteomalacial bones, in pus, in cellular new-formations, 
<?.</., cancers. 

Almost regular, distinct, concentrically laminated, otherwise little changed carti¬ 
lage-cells, which by iodine receive a beautiful rose-red or half-violet color, are found 
in the cartilages, especially the intervertebral, more rarely in other articular carti¬ 
lages, during the changes of old age and in caries. (LUSCIIKA, ViKCHOW.) 

Corpora amylacea for the most part show no further changes; sometimes 
they become calcified, even to so great an extent that in the nervous sub¬ 
stance stony masses of varying size appear; these, in the prostate, are 
sometimes colored brown or black. 

In the brain of an old epileptic and imbecile man, I found, near the posterior horn 
of the lateral ventricle, an ii regularly rounded body, of stony hardness, of the size 
of a cherry, with a rough surface like sandstone, and near this a body partty of the 
hardness of stone, partly of less firm consistence, of the size of a bean. These con¬ 
sisted of large, round or oval, concentrically laminated formations, which were com¬ 
pletely calcified. All the surrounding vessels were to a great degree calcified; the 
substance of the brain here contained numerous, for the most part large corpora 
amylacea, surrounded by a substance rich in nuclei, and homogeneous, or indistinctly 
fibrous. 

The origin of corpora amylacea is always the consequence only of a 
local, never (like lardaceous degeneration) of a general affection. These 
bodies are probably not the causes of atrophy, but only consequences of it. 
Their more intimate relations are unknown. 


myelin. 

Myelin is a body, like the medulla of nerves, arising mostly from 
nerve-substance, and which is characterized especially by its peculiar forms 
and peculiar dull lustre. It exists most often as simple formations of 
various size, round, oval, filamentous, knot- or club-like, etc., but for the 
most part with double contour, sometimes concentrically striated. 

Myelin, discovered by Virchow ( Arch ., 1854, VI., p. 562; VIII., p. 114), as it is 
observed iu the microscopical examination of tissues, shows the following chemical 
properties : It swells up greatly in water. Hot alcohol, ether, chloroform, oil of 
turpentine easily dissolve it. Weak acids and alkalies exert no effect; strong alka¬ 
lies cause it to shrivel somewhat, and later to assume its characteristic appearance; 
strong acids, especially concentrated sulphuric acid, cause it to swell up still more, 
aud later destroys it. Chromic acid, in strong concentration, makes it yellow, hard 
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and stiff; tincture of iodine imparts a faint iodine-brown color. Sulphuric acid, 
concentrated, colors it red, sometimes violet. With concentrated solutions of salt, 
it shrivels up. 

These reactions of myelin (swelling and peculiar forms) proceed not from unde¬ 
composed nerve medulla, and not even from one single substance. O. LlEBRElCH 
( Virch. Arch ., XXXII., p. 387) showed that neither protagon (C.. 3 .IIjuX^PO.,,), nor 
one of its products of decomposition (glycerine-phosphoric acid, fatty acids, neurin) 
arising from the action of alkalies furnish of themselves myelinic forms, but that 
these are beautifully obtained by the addition of an alkali (neurin, potassa, soda, 
etc.) to a mixture of protagon and fatty acids (thus protagon in the presence of a 
soap) ; a product of decomposition (free from phosphorus) arising by boiling protagon 
(containing phosphorus) with hydrochloric acid, furnishes with the same treatment 
the same myelinic forms. Also II. Kohler { lb , XLI., p. 2G5), who in his investi¬ 
gations of brain substance arrived at other conclusions than L., found, that no ele¬ 
ment of the brain in the undecomposed and pure state in water, assumes myelinic 
forms; on the other hand, the product of decomposition described by him as neurol 
acid (C 100 II 30 PO 34 ), and his myelo-margarin (CAHmsOio), if it is contaminated by 
cholesterin, swell up on the addition of water in the form of myelin. The 
chemical nature of both substances is moreover not yet sufficiently established. 
Since now, according to DrAKONOW, protagon is a mixture of lecithin (CdsHi 0 NPOj») 
with cerebrin, and lecithin with water assumes the form of myeline, so the reac¬ 
tions of myelin may depend upon either lecithin or decomposed protagon. More¬ 
over, Ben eke has shown that a solution of cholesterin in soap, and Neubauer, 
that oleic acid furnish myelin forms by the addition of ammonia; the protagon of 
Liebiietch, which in contact with a soap showed myelin forms, was free from 
cholesterin. 

Buhl (Lungenentz, etc., 1872, pp. 51 and 62) describes a myelinic degeneration of 
the epithelium of the lungs in, by him so-called, desquamative pneumonia. 


f. COLLOID METAMORPHOSIS. 

Colloid metamorphosis consists in the transformation of tissues into a 
completely homogeneous, colorless or faint yellow, dull, translucent, some¬ 
times fluid or soft-like glue, sometimes more solid, but always easily fragile 
substance, which mostly dissolves in cold and hot water, for the most part 
not in alcohol and ether, in caustic alkalies, and is not changed by acetic 
acid, and iodine and sulphuric acid. The substance formed, so-called 
colloid, is, like lardaceous matter, a modified (with hydro-carbon) 
protein-substance (albuminate of soda). It has not a single positive 
character: it is distinguished from albumen by its insolubility in acetic 
acid, from mucus by the extent of coagulation with acetic acid, from larda¬ 
ceous substance by the want of color with iodine and sulphuric acid. 

According to Eichwald ( Wilrzb. med. Ztschr ., 1864, V., p. 270), colloid is modi¬ 
fied mucous substance, since its reactions gradually pass into those of true mucous 
substance. The material of colloid globules, mucin, colloid matter, and mucous 
peptone are distinguished almost only by the varying ease with which they pass from 
a soft to a liquid state : they are dissolved by dilute alkalies, but are restored 
by acids; they are soluble in mineral acids: like all protein substances they are 
precipitated by alcohol, they furnish Millon’s test, etc. According to Scherer 
(Ibid., 1866, VII.. p. 6 ) mucin, metalbumen, and colloid substance stand in a similar 
relation to one another, as casein, albumen and fibrin. Dissolved mucin, like soluble 
casein, is always combined with alkalies and is precipitated by acids from these 
combinations. Others hold colloid to be albumen, which has become insoluble in 
acetic acid, on account of the presence of considerable quantities of chloride of 
sodium. According to Scherer’s older, and Obolensky’s (Arch. f. d. ges. Phys ., 
1871, IV., p. 336) more recent investigations, mucin from the fluid of cysts, like 
that from the submaxillary glands, contains C a5 , ID, N 12 , 0 28 . 

Colloid metamorphosis affects cells chiefly, especially epithelial cells; 
more rarely other parts of tissues, especially muscle-fibres. 
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1. Colloid metamorphosis of cells. 

Microscopically, the cell either is in its entire mass bright, since under 
simultaneous enlargement there appears a bright homogeneous substance 
in place of the granular contents. Or, there is formed in the granular 
cell-contents bright, sometimes faintly violet, homogeneous, round points, 
which gradually become larger, press the granular cell-contents to the 
periphery, finally reach the latter itself, waste it and thereafter es¬ 
cape. Or there arise many such points, which later coalesce within the 
cell. The cell-nucleus is thereby either simply atrophied, or undergoes 
fatty degeneration. Finally, colloid metamorphosis rarely begins in the 
nucleus, which then gradually becomes larger, bright, homogeneous, reaches 
the cell-membrane and causes it to disappear. In all cases, the cell is de¬ 
stroyed by this metamorphosis. The colloid is at first for the most part 
fluid, and then coalesces with the same substance having its origin in other 
cells. It is more rarely solid when it leaves the cell, and then remains 
always, wholly or in part isolated : there arise the so-called colloid masses, 
or colloid granules, i.e ., for the most part flat, homogeneous masses of 
varying size, and of rounded, or round and pointed, or entirely irregular 
form. 

Yet other colloid formations often occur. These are slightly or much, regularly 
or irregularly concentrically laminated; sometimes, besides a central concentric 
stratification, or without it peripherically, they show a radiating striation, whereby 
the surface is regular or bristling in the direction of the radii; sometimes radiations, 
far from or close to one another, pass regularly from the centre to the periphery. 
Sometimes all these formations are surrounded by a common enveloping mass. 

A fa tty metamorphosis, simultaneously with colloid metamorphosis, is also not 
infrequently found in the same cells, sometimes with cholesterin formation, or cal¬ 
cification, or a filling with diffuse or granular pigment. 


The occurrence of colloid metamorphosis of cells affects normal as well 
as pathological tissues: especially the thyroid gland and choroid plexus. 
Their slight grades are recognizable only through the microscope. In 
higher grades, it causes an enlargement of the tissues, ansemia of them, 
and filling with a substance like fluid glue or boiled sago, uniformly dis¬ 
tributed or inclosed in cyst-like spaces. 

The consequences of colloid degeneration of the cells are mostly slight, 
since they usually give rise to only moderate swelling of the affected parts. 


In the thyroid gland, where the epithelial follicles are the seat of this metamor¬ 
phosis, the follicles become enlarged to a varying extent, remain so permanently, 
or coalesce after atrophy of the stroma. The metamorphosis affects normal, as well 
as new-formed tissue of the thyroid gland, and gives rise, especially in the latter, to 
the sometimes very large examples of so-called GOITRE (.struma lymphatica s. col¬ 
loids s. yelatinosa). According to Virchow, on the other hand, colloid of the thy¬ 
roid gland does not have its origin in the gland-cells, but in the free lluid of its 
follicles, in the contents escaped or become free by destruction of the cells. It is 
formed, when these substances are brought into contact with a large quantity of 
soda or salt. V. distinguishes two modifications of it: one is dissolved in a large 
quantity of water and behaves in this solution like an alkaline solution of albumen ; 
the other is not wholly soluble even in boiling water, not even in acetic and hydro¬ 
chloric acids, becomes violet by the latter, completely solid by alcohol. Both forms 
may be artificially represented, if large quantities of salt be added to a fluid which 
contains albuminate of soda (i.e ., albumen, which is soluble by caustic or carbonate 
of soda). Colloid or gelatinous granules are therefore concretions. 

The epithelial cells of mucous and serous membranes likewise sometimes suffer 
colloid degeneration. The simple pouched and lobulated glands, especially of the 
uterine cervix, prostate and lips, the urinary tubuli and Malpighian bodies of the 


COLLOID MET AM ORTHOSIS. 


331 


cortex of the kidneys, the anterior lobes of the pituitary body, and the cortex of 
the supra-renal capsules, for the most part in less degree numerous other glands, 
become by colloid degeneration of their epithelium transformed into so-called col¬ 
loid CYSTS. (See Cyst-formation.) 

In Arch. d. Heilk. , VII., p. 463, I communicated a peculiar case of colloid de¬ 
generation of the sebaceous glands of the face, so-called colloid milium op the 
skin. Slav,jansky ( Virch. Arch., LI., p. 470) describes a colloid metamorphosis of 
the membrana granulosa, whereby the ovum was finally covered by a homogeneous 
shining mass. 

The CJIOKOID PLEXUS is transformed by colloid metamorphosis of their connec¬ 
tive-tissue cells by new formed nuclei, into the known aggregations of colloid cysts. 

Colloid metamorphosis is sometimes found in the endothelium of the blood¬ 
vessels. Wedl ( Wien. Acad.-Ber., 1864, XLVIII.) also describes in the walls of 
small vessels colloid deposits, which, free externally, are prominent on the surface, 
or are surrounded by a capsule. Rokitansky ( Lehrb , p. 472), Akndt ( Virch. Arch., 
1868, LI., p. 461), Magnan, transl. by Erlenmeyer (Arch. d. d. lies. f. Psych .. 
1871, XVII., p. 303) describe peculiar ‘‘colloid” degeneration of the cerebral vessels 
in general paralysis. 

Neumann ( Sitzgsber. d. Wien. Acad., 1869, LIX. ; Ally.Wien. med. Z., 1870, No. 
32) describes a colloid degeneration in the cutis of old people: its fibrous bundles 
become wholly invisible and replaced by a homogeneous coagulated mass like glue. 
Nerves and vessels appear to be entirely destroyed. A somewhat similar thing was 
found by N. in elephantiasis Grcecorum. 

Probably a series of peculiar formations, not infrequently occurring, which have 
many things in common with colloid masses, do not belong to colloid: e.g., in the 
ganglion-cells of the retina, in those of the brain substance, etc. 

Concerning colloid metamorphosis of new-formed cells, see below. 

Schrant, Tijdschr. d. Nederl. Maatsch., 1852, et Arch. f. phys. Heilk., IX.; Arch, 
f. d. hall. Bedtr. zur Natur- u. Heilk., 1858, I., p. 169. — Luschka, Arch. f. phys. 
Ileilk., 1854, p. 9.— Virchow, Wiirzb. Verb., II. ; Unters. iib. cl. Entmickelnug d. 
Schddelgrundes, 1857; Die krankh. Geschw., III., p. 2.— E. Wagner, Arch. f. 
physiol. Heilk., 1856, XV., p. 106.— Haeckel, Virch. Arch., 1859, XVI., p. 253.— 
Rindfleisch, Lehrb. d. pathol. Gew., 1871. pp. 24 u. 30.— Neumann, Arch. d. 
Heilk., 1868, IX., p. 364. 


2. Colloid metamorphosis of muscles. 

Colloid ruetamorpliosis of transversely striated muscle-fibres is for the 
most part acute, seldom chronic: constant in typhoid fever, especially in 
the adductors of the thigh, abdominal recti, diaphragm, in less degree in the 
greater thoracic, in other muscles; frequent also in typhus fever, acute 
miliary tuberculosis, scarlet fever, small-pox, uraemia, etc., in all severe 
fevers. It occurs as a local process in convulsive muscular affections 
(tetanus), trichinosis, extensive freezing, in many cases of myocarditis, 
very commonly in muscular cancer. It is perhaps very rarely a primary 
affection. 


Zenker (1. c.) first demonstrated the constant occurrence of the affection in 
typhoid fever, and described it most accurately. It was earlier observed by Bowman 
and Virciiow under other circumstances. I observed (Arch. d. Heilk., IV., p. 282) 
a fatty and colloid degeneration of the muscles, which had its origin in unknown 
causes; Zenker observed the latter form of degeneration in consequence of the 
action of an external influence, Benndorf (Arch. d. Heilk., VI., p. 456), in conse¬ 
quence of freezing. Cohnheim (Unt. iib. d. embol. Proc., 1872) saw colloid degen¬ 
eration of the muscles of the tongue on the second day after total ligature of that 
organ. 


Macroscopically, the muscles in parts deeply affected are sometimes 
uniformly paler, sometimes so in finely or coarsely scattered spots (at first 
pale reddish gray, finally brownish-yellow or whitish gray, like the flesh of 
fish), more homogeneous and brittle. Under the microscope the trails- 
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verse striation is seen to gradually disappear, and in place of them in the 
unchanged sarcolemma a colorless, dull, sometimes irregularly wrinkled sub¬ 
stance, which is broader than the normal muscular fibre, very easily broken 
up transversely, always crumbling into fine fragments, and which, after a 
few weeks, is gradually absorbed. The fragments of muscular fibres become 
shorter, rounded, oval; between them there remains the sarcolemma as a 
collapsed pouch. In rare cases the colloid substance is immediately trans¬ 
formed into a mass of small irregularly rounded particles, which usually in 
large numbers lying in contact completely fill the sarcolemma-pouch. Or, 
there occurs a breaking up into thin disks (discoid division), or a “ fibrillar 
division.” 

The consequences of colloid degeneration of the muscles are : especially 
ruptures and lnemorrhages, which occur oftenest in the lower part of the 
rectus abdominis, rarely in other muscles, and sometimes smaller ecchy- 
moses, sometimes circumscribed luemorrhagic infiltrations, sometimes true 
htemorrhagic foci. The more extended hamiorrhages lead to cyst-formation 
and cicatrization, or to pigmentation or liquifaction. Suppuration of 
muscles rarely appears in consequence of colloid degeneration. In most 
cases the degenerated muscle-fibres are entirely regenerated. 

While the muscular degeneration just described is, according to Zenker. Hoffman 
and others, of a pathological nature, it is, according to Bowman, Waldeyeu, Err, 
Neumann, found also under other circumstances. According to those last-named, 
it occurs in all healthy muscles, as soon as they are wounded, and is the conse¬ 
quence of a process similar to post mortem rigidity or identical with it. Also, there 
appears a similar change in many pathologically degenerated muscles after death in 
uninjured fibres: it then is a phenomenon of death. 

A similar colloid metamorphosis of normal and hypertrophic smooth muscle-fibres 
of the stomach is described by It. Maier ( Lehrb. d. (dig. path. Anal., 1871, p. 1G9). 

(Waxy degeneration. Zenker’s muscular degeneration.) 

Bowman, Phil. Transact ., 1841, L, p. 09. — Virchow. Arch., 1852, IV., p. 206. — 
Zenker, Ber. d. Dresd. naturf. Ges., 1801 ; Ueb. d. Verand. d. willk. Muskeln im 
Typh. abdom.. 1864.—Waldeyer, Virch. Arch., XXXIV., p. 473.—-O. Weber, lb., 
XXXIX., p. 216. — Err, lb., XLIII., p. 108. — Neumann, Arch. d. Ileilk., IX., 
p. 304. 


g. MUCOUS METAMORPHOSIS. 

(Consult the text-books on physiology, Colloid metamorphosis, and the so-called 
Gelatinous caucer.) 

The substance formed by pathological mucous metamorphosis is, on the 
whole, the same as physiological mucus, and has, apart from the reaction by 
acetic acid, whereby it becomes coagulated in shreds, also many properties 
of fluid colloid. 

Mucous metamorphosis affects cells, and non-cellular substances. 

1. MUCOUS METAMORPHOSIS OF CELLS 

Is found oftenest in epithelia of mucous membranes and their glands, which 
in great numbers show mucous metamorphosis in increased degree and in a 
quicker manner. This is for the most part possible only by the quicker 
new-formation of cells destroyed by the metamorphosis. * This occurs on 
all mucous membranes in consequence of the action of strong irritants, as 
well in the state of the so-called acute or chronic catarrh, with dilatation 
of the vessels affected always at the same time present. The limit between 
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normal and increased formation of mucus is in many places not to be drawn ; 
thus, especially in the mucous membrane of the nose, mouth, throat, air- 
passages and vagina. In the empty stomach, the surface is uniformly 
covered with a layer of very tough, neutral or alkaline mucus. The his¬ 
tological processes of mucous metamorphosis are the same as under physi¬ 
ological conditions; until now it is not known whether the affected cells 
are destroyed by mucous metamorphosis, or whether they can evacuate the 
mucus without bursting. 

Cells which have suffered mucous degeneration pathologically, show essentially the 
same character as the so much discussed CUPPED CELLS of various mucous mem¬ 
branes. The latter are regarded by many as artificial productions (?), while others 
regard them as a special kind of cell, still others as common epithelia, which have 
been affected by mucous metamorphosis. Pathological experience makes the latter 
most probable: the metamorphosis is found most often in single or poly-laminated 
cylindrical, and ciliated epithelia, rarely in others. 

The relations which physiologists have found to exist between formation of mucus 
and nerve-influence are of great interest, but heretofore have been of no practical 
value. According to Heideniiain (Stud. d. p7iys. lnnt. zu Breslau, 18(58, IV., p. 1) 
the changes which the submaxillary gland of the dog, whose secretion is extraordi¬ 
narily rich in mucus, suffers by continuous irritation of the chorda tympani, consist 
in this, that in place of bright cells already metamorphosed into mucus, vigorous 
protoplasm-cells appear, so that a gland which has been cut out and examined after 
continuous irritation, no longer shows clear bright mucus cells. Heideniiain and 
Epstein have also demonstrated important differences in the (peptic and) mucous 
glands of the stomach, according as they were during hunger or in activity (during 
digestion). In the latter state the cells are greatly clouded, probably much richer in 
albumen, and give off substances into the cavity of the stomach. During hunger 
they are shrivelled, etc. 

Consult also Engelmann’s interesting investigations (Arch. f. d. ges. Thy a. , 1872, 
V., p. 498) concerning the cutaneous glands of the frog. 

Mucous metamorphosis occurs also in cells of new-formations, especially 
in enchonclromata, in so-callecl mucous cysts, in cylindroma, and cancer 
(so-called gelatinous cancer). 

2. Mucous metamorphosis, or mucous softening of non-cellular 

ELEMENTS. 

This consists in the transformation of collagen (glutin) and chondrogen 
into mucus or mucin, which is distinguished from the albuminates by con¬ 
taining less carbon and nitrogen, as well as by the absence of sulphur. 

This metamorphosis affects the basis substance of cartilage, bones and 
connective tissue, coagulated fibrin of bloody extravasations and exudations. 
The cells of the first-mentioned forms are thereby either destroyed, or they 
persist, or exhibit processes of division. These processes are found espe¬ 
cially often in cartilage, as well in its periphery in articular cartilage, 
whereby disintegration and final lessening of the articular facets (so-called 
malum senile, ), as in its centre (costal cartilages), giving rise to cyst-like 
spaces. These softenings occur more rarely in bones with simultaneous or 
previous separation of lime-salts (thus in osteomalacia, in the vicinity of 
new-formations). In connective tissue a mucous softening appears oftenest 
in inflammation and in new-formations : under a more or less quick immi¬ 
gration or new-formation of small cell elements, the connective-tissue basis 
substance softens, and is either absorbed or separated or returns to its 
fibrous structure. Softening occurs in fatty tissue oftenest in atrophy, e.g., 
in sub-serous fatty tissue, in yellow bone-marrow. 

This mucous softening exists normally as a senile process in symphyses, 
and in inter-articular cartilages. 
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h. CEDEMATOUS, OR SEROUS INFILTRATION. 

Serous infiltration occurs in cells, and in non-cellular substances. 

Serous infiltration of cells consists in the filling of them with a serous or 
sero-mucous substance, and in a consequent for the most part considerable 
enlargement. The infiltration is found from the beginning uniformly 
extended throughout the whole cell-substance (rarely at first in form of 
circumscribed drop-like spaces), so that the corpuscular protoplasm-mole¬ 
cules are still present at the beginning, but are separated from one another 
by larger intermediate spaces ; later they are no longer visible. The cell 
has thereby become strikingly bright. Herein the nucleus remains a long 
time intact or enlarges only moderately; the cell-membrane (true or appa¬ 
rent) always becomes more distended, thinned, and then ruptures or disap¬ 
pears entirely without visible injury. Thereby the contents of cells lying 
adjacent flow together, so that finally there is formed a vesicular-shaped 
cavity. This is the origin of many vesicles of the skin (herpes, eczema, in 
part also variola), as well as of mucous membranes with laminated pave¬ 
ment epithelium. The same metamorphosis occurs also in the endothelia 
of serous membranes and lymphatic vessels. 

The same peculiar swelling-up of the cells of the rete Malpigliii is found in blisters 
from vesication and pemphigus. These are rounded, their protoplasm is quite homo¬ 
geneous, dull, but seems to show in parts canalicular pores; the for the most part 
diminished, rounded or angular nucleus lies in a proportionately large cavity, filled 
probably with serous fluid. ( Vide Voigt, Arch. d. lleilk. , X., p. 420.) 

That the contents of the affected cells are serous in character, is shown 
by micro-chemical reactions. That the metamorphosis does not owe its 
origin to a simple mechanical taking up of serum from out of the vessels 
of the subjacent mucous membrane, but to a real cell-activity, is shown 
by its sharp limitation in many parts of the skin and mucous membrane. 

Ranvier {Noun, diet ., etc.) describes as a pathological change of laminated flat epi¬ 
thelium a dilatation of the corpuscular nucleus. This is transformed into a trans¬ 
lucent, slightly refractive vesicle, which continuously enlarges to bursting. At first 
the nucleus resembles a half-moon; later it is destroyed. The cell ceases to 
develop and dies. This change is found in all inflammatory cutaneous affections, 
in the neighborhood of wounds, ulcerations, tumors, in erythema, erysipelas, ecze¬ 
ma, in the erythematous zone of small-pox, etc. It causes desquamation. It. found 
the same in mucous membranes. 

Slight degrees of metamorphosis may return to the normal state; in 
higher grades it results in destruction of cells. 


Whether 0. Werer’s dropsical degeneration agrees with the results obtained by 
myself, cannot with certainty be inferred from his description. ( Hdb . d. Chir ., 
18G5, p. 380.) He places it in histological relation with mucous metamorphosis. 
It occurs in granulation-cells aud pus-corpuscles in the permanent water-bath, in 
cells of all kinds in oedematous saturation of tissues, on the inner surface of many 
cysts. 


Serous infiltration of non-cellular substances is known only in few places, 
but not accurately : in the so-called membrana propria of mucous and serous 
membranes, in the tunica propria of the urinary tubuli—in many inflamma¬ 
tory states of these parts. 


CROUPOUS METAMORPHOSIS. 
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A peculiar oedema of the albuminous substances, of cell-contents, as well as of the 
basis substance of the cortex of the brain, is either in consequence of the addition of 
water to microscopical preparations of normal brain substance, or a sign of increased 
water in the brain itself (HUBRIcn, Ztschr. f. Biol., 186(5, II., p. 391. Buiil, lb ., 
p. 396). 

Martini {Med. Ctrlbl. , 1871, No. 41) describes a so-called “serous atrophy” of 
primitive muscle-bundles occurring in sarcomata, lipomatosis, etc. It consists in 
this, that rounded or oval openings are filled with serous fluid, and coalesce by the 
disappearance of the surrounding transversely striated substance. 

Concerning serous infiltration of connective tissue, etc., see (Edema, p. 225. 

Under the microscope, bright spots are not infrequently found in single, 
otherwise normal cells of the most varying kinds, with respect to which it is 
difficult to distinguish whether they are artificial (by the addition of liquid 
in the process of preparation), or the result of disease. In the latter case it 
must often remain doubtful, whether the spots are of a serous, or mucous, 
or colloid character. 

In the moist chamber, epithelial cells are seen to become hyaline and blend with 
neighboring cells into large masses. The structure again appears by acetic acid. 
Absolutely hyaline, soft jelly-like masses of very varying size are found between the 
epithelial cells in the cornea of a frog, if it has been twenty-four hours previously 
touched with common acetic acid. They not infrequently contain migratory cells. 
They are probably transudations. In pleuritic effusions colossal gelatinous masses 
are found, in blisters from vesication gelatinous fluid. The influence of air is very 
favorable to coagulation. (F. A. Hoffmann, Virch. Arch., LI., p. 373.) 

i. CROUPOUS METAMORPHOSIS. 

E. Wagner, Arch. d. Heilk., VII., p. 481; VIII., p. 449.—Vide p. 263. 

Croupous metamorphosis consists in the transformation of cellular con¬ 
tents into a substance externally similar to coagulated fibrin. It occurs on 
mucous membranes of every kind (as so-called croupous and diphtheritic 
exudation, especially of the larynx, trachea and pharynx), perhaps also in 
some glandular organs (especially in the urinary tubuli, as so-called hyaline 
or fibrin cylinder, and in the lungs, as so-called croupous pneumonia). 

Concerning the more immediate histological relations, see p. 204. 

Besides, this metamorphosis occurs also as a chronic process, especially 
in the kidneys. 

The common urinary cylinder, and Thomas’ cylindroid, have the general reac¬ 
tions of protein bodies, but agree with none of them exactly. 

Concerning the so-called urinary casts having their origin partly in this, partly in 
colloid metamorphosis, see Axel Key, Med. Arck., I., p. 1, Stockholm , 1863, and 0. 
Bayer, Arch. d. Heilk., 1868, IX., p. 136. 

Slavjansky (Ber. d. k. s. Ges. d. Wiss., 2. Nov. 1872) has described a like his¬ 
tological change, as so-called reticular degeneration of the serous envelope of the 
ovum of the rabbit. 


COMBINATIONS OF TWO OR MORE METAMORPHOSES. 

Combinations of two or more metamorphoses occur not infrequently. 
They occur in the same organ independently of one another (e.g., pigment- 
infiltration and calcification); or, with one another and from like causes 
(as fatty and chalky degeneration of the arteries); or, one degeneration is 
the cause of the other {e.g., fatty metamorphosis of renal epithelium with 
lardaceous degeneration of the vessels) ; or, finally, two metamorphoses 
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occur at the same time (as fatty and mucous degeneration, colloid degen¬ 
eration and calcification, pigmentation and fatty metamorphosis). 

Two kinds of combinations are especially conspicuous: pseudo-croupous 
inflammation of mucous membranes, and atheromatous process in arteries. 

Pseudo-croupous inflammation of mucous membranes consists in manifold 
changes of the epithelia and in inflammation of them, or at the same time 
with that of the tissue of the membrane. The changes are: albuminous 
infiltration, for the most part with simultaneous fatty metamorphosis of 
moderate extent, for the most part greatly increased formation of mucus by 
the mucous membrane itself and its glands, new-formations of epithelium 
(processes of division—pus-formation). To these belong also the products 
of inflammation of the epithelium and of the tissue of the mucous mem¬ 
brane : serous exudation, pus-corpuscles, often red corpuscles, and for the 
most part, numerous fungi of the lowest forms. Macroscopically, the 
mucous membrane is shown to be covered with a cloudy (lighter or darker, 
according to the quantity of escaped blood), mucous, sometimes viscous 
substance, under which lie the changed, variously formed, unadherent epi¬ 
thelia. In parts, there are deeper losses of substance, for the most part to 
the deepest epithelium. These inflammations are found best marked in the 
mucous membrane of the mouth, throat and air-passages in variola, in 
the mucous membrane of the intestine, in many cases of primary and secon¬ 
dary dysentery. 

The atheromatous process consists in a combination of inflammatory or 
other softening with fatty, also not infrequently with chalky metamorphosis. 
Softening affects mostly basis substances, fatty metamorphosis affects mostly 
the cellular elements. The process occurs only in connective-tissue sub¬ 
stances, most often in the internal coat of large arteries. On the surface of 
these it forms the so-called atheromatous ulcer, deeper in the athero¬ 
matous focus. Both contain so-called atheromatous mortar, i.e., parts in 
fatty, in part also chalky degeneration, especially cells, particles of softened 
basis substance, and mostly cholesterin. 


2. GANGRENE. 

(necrosis, mortification, sphacelus or cold gangrene, warm gan¬ 
grene, MUMMIFICATION OR DRY GANGRENE, etc.). 

Fabr. Hildanus, Dp gangrcena et sphacelo , 1593 and 1045.— Quesnay, Traile de 
la gangrene, 1750. —O’Halloran, On Gangrene and Sphacelus, 1705.—Kirnland. 
On Gangrene, 1780.— Hauler, Ueb. d Fdulniss lebender u. todtcr thierischer Korper, 
1793. —White, Bemerk. ilber den lcalten Brand. Transl. by Wiciimann, 1799. — 
Himly, Ueb. d. Brand, d. weichen v. harten Thcile, 1800. —Neumann, Abh. v. d. 
Braude, 1801.— Dklpecii. Mem. sur la compl. des plaies et des vice res connue sur le 
nom de pourriture d'hdpital. 1815. —Gaspard, Journ. de phys., 1822, II., p. 1, and 
1824, IV.. p. 1. —V. Franqois, Essai sur la gangrene spontan.ee, 1829.— Carswell, 
A rt. Mortification in III. of the Elan. Forms of Bis., 1834. —Hecker, Enters, ub. d. 
brand. Zerstdr. durch Behind, d. Circifl., 1841.— Osciiwald, Ueb. d. Brand., 1847. 
— Pitiia. Brag. Vjschr ., 1851, II., p. 27.— Virchow, War zb. Verb., I., III.; Arch., 
I., p. 272, V.. p. 275; Wien. Wochenschr., 1851; Handb. d. spec. Path. u. Tlier., 
I., p. 278; Verb, der Berl. med. Ges., 1865, I.— Hartmann, Virch. Arch., 1855, 
VIII., p. 114.— Demme, Ueb. d. Verdnderungen der Gewebe durch Brand., 1857. — 
Kussmaul, Virch. Arch., 1858, XIII., p. 289.— Bryk, lb., 1860, XVIII., p. 377 — 
Raynaud. DeVasphyxie locale et de la gangrene symetrique des extremites, 1862.—O. 
Weber, Ildb. d. Chir., 1865. I., pp. 106 and 548.— Samuel, Virch. Arch., LI., pp. 41, 
and 178; LIII., p. 552. 

(Consult besides the literature of Embolism, and of Inflammation.) 
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Gangrene, necrosis, mortification is the absolute cessation of life, 
especially of the circulation of the blood and juices, and consequently of 
nutrition, also of the warmth, sensation, motion, and function of a part of 
the organism. If at the same time putrefaction, a development of stinking 
gases, occurs, the process receives the name of gangrene, or sphacelus. 

Gangrene (hot gangrene) is that form in which the parts, before the appearance 
of complete gangrene, are still hot and painful, and acutely inflamed. 

Besides, there are special terms applied to gangrene of different organs or tissues : 
NECROSIS is commonly used for gangrene of the bones, as well as of cartilage ; riiA- 
ged.ena is commonly applied to gangrenous destruction of ulcers. As caries sicca 
of the teeth (in opposition to caries humida)are not infrequently designated processes 
which are of a gangrenous nature. The words CARIES and NECROSIS, applied to the 
bones, are often interchanged. But, in fact, there not infrequently occurs in caries 
(the so-called bone-ulcer) a not merely molecular, but a grosser necrosis. 

The dead portion of tissue has received special names for individual 
textures: in the bones it is called sequestrum ; in cold, hot, and phage- 
damic gangrene of external parts, in gangrene of typhous new-formations, 
etc., it is calied slough. 

The question, as to what affections are to be included under gangrene, it is for 
many difficult to determine. This holds true, in the first place, of simple atrophy 
(see p. 293). Also of ulceration, which many call a molecular gangrene (see p. 283). 
But, since in ulceration suppuration for the most part predominates, it seems advisa¬ 
ble (in accordance with the maxim: a potior i fit denominntio ) to place those among 
the inflammations. This view does not require that many ulcers, e.g. the so-called 
phagedaenic, should be regarded otherwise than as belonging with greater right to 
gangrene. Finally, there are the so-called gangrenous inflammations (see p. 283). 


Gangrenous parts act very differently, according to their structure and 
vascularity, according to the causes of the gangrene, its acuteness, and the 
possibility of an access of atmospheric air, etc. Whether a part is quickly 
destroyed after the appearance of gangrene, depends altogether upon its 
contained blood and texture. A necrotic bone preserves, in contrast with 
a carious bone, its smoothness and cohesion, even its general microscopic 
texture. But if the parts attacked by gangrene are soft, they become by 
gangrene still softer, while their elements lose their mutual cohesion and 
fall to pieces. If they contain a greater quantity of blood, the blood-cor¬ 
puscles also are destroyed, their coloring matter pierces the tissues, there 
arises the so-called false red oedema ; or there occur through imbibition of 
the coloring matter of the blood darker blue and black colorations. 

Aeby (Med. Ctrlbl., 1871, No. 14) has shown especially the reason of the unchange¬ 
ableness of organic bone-substance. Fresh compact bone, taken from the dead body, 
contains eleven to twelve per cent, water, and a mean of twenty-eight per cent, of 
organic substance. Bone does not putrefy, because it cannot swell, in consequence 
of its inflexibility. Pulverized bone immediately experiences swelling and quick 
putrefaction. 

The functional phenomena of paralysis, moreover, determine the external 
symptoms of gangrene: paralysis, insensibility, so-called marble coldness, 
dryness of surfaces, collapsed appearance of the part. 


CAUSES OF GANGRENE. 

In general, gangrene is caused either by interruption of the blood- 
supply or nutritive material, chiefly,—or by destruction of the tissue 
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ELEMENTS. Both may occur slowly or quickly, directly or indirectly, and 
so give rise to very different forms of gangrene. 

Spontaneous deatii. so-called ( necrosis spontanea), depends either upon this, 
that the same causes have exerted their influence, only imperceptibly and more 
slowly : thus inanition in the insane, which brings nutrition to a low grade, whereby 
an inflammation, which induces a disturbance of the tissues, so much the more 
easily interrupts nutrition and causes necrosis. Or there are embolic occlusion of 
arteries, etc. 

Gangrene occurs physiologically, as, e.g ., in the decay of the ligated 
umbilical cord, the falling out of the milk-teeth, in various parts in old 
age. 

All parts are, in general, predisposed to gangrene, in which there exists 
a disturbance of the circulation of any kind (anaemia, hyperaemia, throm¬ 
bosis, haemorrhage, oedema); but these disturbances usually induce gan¬ 
grene only in their highest grades. Inflammation in all its effects, especially 
parenchymatous exudation and purulent infiltration, likewise disposes to 
gangrene. In a similar manner, probably, a faulty blood-mixture, as in 
inanition and diabetes, in drinkers, perhaps also in various acute and 
chronic forms of marasmus, caused by hunger as well as by disease (typhoid 
fever, etc.), leads to gangrene. 

Gangrene, according to its special cause, appears sometimes in strong, 
well-nourished individuals, sometimes in weakly, marasmic, badly nour¬ 
ished persons of evei-y age of life : in the latter, cet. par., it appears more 
easily and is more extensive. We see the former, e.g., in gangrene from 
embolic occlusion of arteries, in strictured part of the intestines ; the latter 
in scorbutus, noma, etc. 

The same disposition to gangrene is found in parts of the body after in¬ 
terruption of nervous activity, nutrition, etc. : e.g., in injury of sensory 
nerves, especially of the fifth (peculiar corneal softening), in parts paralyzed 
as to motion, — in both cases less because insensible or immovable parts 
can sufficiently escape injurious external influences (in paralysis, moreover, 
because the support to the venous blood-circulation is destroyed), than 
on account of the simultaneous paralysis of the vaso-motor nerves. 
Also, dropsical parts (extremities, scrotum, external female genitals : so- 
called white gangrene) are disposed to gangrene, and to a less degree 
frozen extremities. 

Gangrene appears more early, ceteris paribus, under the thick skin (e.g., 
of the neck and back), under fasciie, than in other parts : e.g., of car¬ 
buncle of the neck and back, the so-called phlegmonous inflammations, 
deep paronychia, penetrating wounds of the fascire. 

According to Senftletjen ( Virch. Arch., XXI., p. 289), the localization of necrosis 
depends chiefly upon the histological character of the periosteum of different parts. 
In the humerus, necrosis occurs especially in the vicinity of the tuberosities, and 
parts corresponding to the insertion of the deltoid and pectoralis major ; in the ulna, 
in the coronoid process ; in the radius, in the vicinity of the tuberosity ; in the pelvis, 
in the tuber ischii; in the femur, in the trochanter major, and in the internal and 
posterior part of the bone corresponding to the point of attachment of the adductor 
magnus; in the tibia, anteriorly and internally. 

The special causes of gangrene are: 

1. Interruptions in tiie supply of nutritive material. 

Arrest of the blood-circulation does not alone necessarily and immediately 
lead to gangrene, provided new nutritive and exudation fluid is supplied 
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from tlie vicinity of the parts deprived of circulation. Gangrene appears, 
however, if the circulation of the juices has become impossible, if the tissue 
itself has become impassable for nutritive fluid, for the fluid of the tissue, 
and for the intermediate current of juices. 

Tissues which have been deprived of a circulation pathologically, like those simi¬ 
larly deprived physiologically, become seats of inflammation. Where the permeability 
of the parenchyma is destroyed by burning, drying, destruction, by the most various 
chemical metamorphoses, there gangrene is inevitable. Most cases of gangrene 
depend upon the SIMULTANEOUS impermeability of the vessels and of the parenchyma. 
(Samuel.) 

a. Severe disturbances of the blood-supply are found most strikingly 
in occlusion of arteries (naturally with the exception of that of the func¬ 
tional pulmonary artery), to whose regions no blood or not a sufficient 
quantity can enter by collateral branches. This takes place in conse¬ 
quence of coagula, which have a local origin (in chronic endarteritis, 
fatty degeneration and calcification of the muscular coat)—so-called 
thrombotic necrosis; or which are so-called emboli (thus, for example, 
gangrene of the left lower extremity, softening of the brain, perhaps also 
the round gastric ulcer, etc., in diseases of the heart)—so-called embolic 
necrosis. The embolus lies sometimes near the gangrenous spot, some¬ 
times is far from it, e.g ., in the popliteal space, in gangrene of the toes. 


High degrees of chronic arteritis, especially of the smaller arteries of the lower 
extremities, are likewise followed, alone or simultaneously, with fibrous or fatty 
degeneration of the heart, by gangrene (gangrtena senilis). That both forms of gan¬ 
grene, embolic as well as that dependent upon chronic arteritis, affect the lower 
oftener than the upper extremities, depends in the case of embolism upon the com¬ 
paratively rectilinear course of the vessels from the heart to the femoral arteries ; in 
that of chronic arteritis, upon the feebleness of the current increasing with the dis¬ 
tance from the heart. 

By ligation of the coeliac artery the gastric mucous membrane is in some parts in¬ 
sufficiently nourished, and therefore becomes necrotic ; the production of acids does not 
cease, but, on the contrary, by the diminished alkalization on the part of the circu¬ 
lating blood it is increased, and thus there results a self-digestion, or a so-called 
gastric ulcer. (Coiin, Klin. cl. embol. Oefdsskrkh.. p. 515.) 

According to Estlander ( Arch. f. klin. (jldr ., 1870, XII., p. 458), gangrene in the 
lower extremities in typhus fever arises from thrombi, which are formed during the 
weakened condition of the heart, in the left ventricle, and with its increasing strength 
are carried as emboli into the arteries of the extremities. 

Many cases of pulmonary gangrene in cancer of the oesophagus proceed perhaps 
from compression of the bronchial arteries. 

Buhl ( Lungenenlz , etc.. 1872, p. 77) describes the origin of true acute pulmonary 
caverns (distinguished from the more frequent bronchial caverns) from the, by him 
so-called, desquamative pneumonia: if the cell and nuclear growth in the arterial 
sheath be so considerable that nutrition is suspended, the dead mass will be separated 
by limiting suppuration. 

Spiegelberg and Wald ever (Med. Ctrlbl, 1867, No. 89; Yirch. Arch., 1868, 
XLIV., p. 69) found in bitches, in whom a portion of the uterus had been extirpated, 
no retrograde, especially no gangrenous degeneration, in the constricted portion sepa¬ 
rated by the ligature ; connections were found to exist with the attached meso-uterino 
folds of the peritoneum and the remaining portion of the uterus ; numerous vascular 
connections were supplied to both portions. 


The same conditions exist in affections of the bones and cartilages, through 
the accumulation and pressure of blood and pus under the (vessel-bearing) 
periosteum or perichondrium; in the skin after traumatic separations of 
the subcutaneous connective tissue; in the skin and fasciae of the extremities 
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and vertex of the cranium in so-called phlegmonous, or pseudo erysipelatous 
inflammations. 

Other forms of occlusion of arteries, as by ligature, etc., by nervous 
influence (spastico-iscluemic gangrene), are attended by the same results, 
unless there is formed a sufficient collateral circulation. 

Gangrene after the long use of ergot, as well as the so-called symmetrical gangrene 
of Raynaud, is, according to many, a consequence of spastic ischastnia of the smallest 
arteries. According to EsTLANDKR (1. c.), the stases, petechias, etc., in typhus fever 
are dependent upon spastic anaemia of the small and smallest arteries, dependent 
upon poisoned blood. This lasts a long time, and the finer veins are filled through 
the collateral branches, thus giving rise to a bluish color. 

Raynaud’s symmetrical gangrene occurs chiefly in chlorotic and nervous indi¬ 
viduals, rarely in children and older persons, perhaps also in typhoid fever, etc. It 
most frequently attacks the fingers, rarely the toes, tip of the nose and external ear. 
Often for months beforehand the affected parts suddenly become white, bloodless, 
without feeling, dead ; the skin is strongly wrinkled and shrunken, the ends of the 
fingers appear thin and conical. The temperature of the parts is sunken, they appear 
without feeling, and the muscular movement is as though paralyzed. If this state 
extends itself over a whole extremity, the pulse becomes imperceptible. After a vari¬ 
ously long time there follows a painful reaction : itching arises and the feeling of 
over-filling of blood, the skin becomes bluish-red. Severe pains precede the proper 
outbreak of gangrene. The. extremities become bluish-white, violet, dark, livid, 
marbled; they are insensible, but very painful and icy cold ; then small vesicles 
appear, which fill with sero-purulent liquid and are usually destroyed, so that the 
cutis becomes laid bare. Even now the part may be restored. Rut. for the most 
part, after some time the attack returns, and then the fingers show numerous small, 
white, depressed and hard cicatrices on their extremities, which are found specially 
in front of and beneath the nails, and form conical callosities. If the ischaemia is of 
longer duration, there follows from the consecutive hyperannia a true mummifica¬ 
tion, which terminates with the falling off of a part of the last phalanx. 


b. Gangrene rarely proceeds from the veins, because of their manifold 
communications, and then only when all the veins of a part are compressed 
or obstructed, and when, in consequence of this, there results overfilling of 
the capillaries, and haemorrhagic infiltrations. This does not occur in simple 
thrombosis, therefore here gangrene never appears; but indeed during 
compression, when all the venous branches pass through foramina, narrow 
channels (herniae, invaginations—prolapse of polypi and luemorrhoidal 
tumors) ; also in high degrees of paraphimosis ; in transplanted pieces of 
skin, whose veins become impervious by being pulled or twisted. Light 
bandages, ligatures, etc., may have the same result. Gangrene behaves 
also in essentially the same manner, which is the I’esult of slowly formed 
arterial embolism, which first gives rise to venous hypersemia, etc. 


In many cases of senile gangrene of the toes, the essential cause is a marasmic 
thrombosis of the small veins, and the diminished nourishment of parts dependent 
upou them. In thrombosis of the gastric veins and vena porta}, there arises a high 
degree of venous liypersemia of the affected parts, and, in consequence of it, hamior- 
rhagic infiltration, and the so-called round gastric ulcer (L. Muller). 

While many regard the cause of the round gastric ulcer to be spastic contraction of 
the smallest arteries, its cause, according to Axel Key (Hyg ., 1870, p. 2(il ; Nvrd. 
med. Ark ., 1871, III., 1, No. 5), resides in the strong contractions of the muscular 
coat with spasm in localities, so that the venous circulation in these places is sud¬ 
denly more or less completely arrested. 

c. Gangrene has its origin in various ways in the capillaries: 1 , through 
complete anaemia of the part in consequence of external or internal pres¬ 
sure ; 2, through complete interruption of the blood-current (so-called 
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stasis); 3, through infiltration of tissues with fibrin, extravasated blood, 
pus, and chiefly with new-formations; 4, through high degree of fatty 
metamorphosis of connective-tissue corpuscles. 

Gangrene from anaemia in consequence of external pressure, arises some¬ 
times from bandages, from continued rest on hard parts (sacrum, tro¬ 
chanters, etc.), especially in states of general weakness. In like manner a 
pressure may act from within outward. Thus the skin or mucous mem¬ 
brane over large and quickly growing abscesses, aneurisms or other form of 
tumor is changed, in consequence of high degree of anaemia from pressure, 
into a whitish or yellowish slough, after the throwing off of which there 
appears for the most part a gangrenous ulcer. 

If the quantity of the circulating' blood is too small in proportion to the parts to be 
nourished, as, for example, in cancerous new-formations, and the acid gastric juice 
acts upon these as in the stomach, they become changed into a sometimes altogether 
peculiar manner : they become soft, colored gray or grayish brown, but they are 
odorless. 

Gangrene from complete arrest of the blood, or from stasis, appears only 
then, when the arrest of the blood lasts and the blood is not again set free. 
It affects capillary districts of various size, besides the smallest arteries and 
veins. (Stasis of larger vascular districts belongs to thrombosis.) The causes 
of stasis are in part purely mechanical (wounds of soft parts, as in every 
border of wounds; high degrees of arterial ischaemia and venous liyper- 
annia) ; in part physico-chemical (cold, warmth; chemical substances : so- 
called stasis of diffusion). 

The phenomena and causes of stasis, which in transparent parts of cold-blooded 
animals have been so often investigated, were for a long time regarded as a chief 
event of inflammation, or (Emmert, Henle) as identical with inflammation. After 
that BruCKE and H. Weber had established the mechanical and chemical condi¬ 
tions, first the English observers, and then Virciiow showed that these experiments 
could not be applied to man and warm-blooded animals without reserve, and that 
complete stasis must always lead to necrosis and ulceration. 0. Weber has lately 
again made conspicuous the importance of stasis, especially of that arising from dif¬ 
fusion, and has more nearly decided its relation to inflammation and gangrene. 

That a greater part of the stases arising through the application of chemical sub¬ 
stances (acids, alkalies, salts, etc.) to transparent animal parts depends only upon 
processes of diffusion, is shown by the experiments of Schuler : if the concentration 
of the blood of the frog is increased or diminished by injection of water or solutions 
of salt into the veins, greater stasis appears, the more the density of the blood is di¬ 
minished by the liquid from without acting as an irritant, while it results so much the 
more slowly when the per cent, of solution approaches that of the fluid within the 
vessels. The greater the diffusibility of a substance, the more marked and energetic 
is the stasis caused by it (corrosive substances). Besides, the’degreeof concentration, 
the nature of the substance, and its chemical relation to the blood and blood-serum 
are also of the greatest influence. According to O. Weber, stasis, during the opera¬ 
tion of high degrees of heat, especially of a glowing heat, is chiefly dependent upon 
the immediate thickening of the blood. A quick evaporation operates also in the 
same manner (Emmert). 

Of importance in the production of stasis, besides diffusion, are also the blood- 
pressure, the physical and chemical character of the blood as well as of the fluids 
of the tissues, the varying porosity of the vessel-walls, as well as the diameter of the 
afferent and efferent vessels. Quick necrotic destruction of the brain after wounds 
of the skull, perforating wounds of the abdomen, connected or not with prolapsus of 
the viscera, and killing quickly by gangrene without proper peritonitis, the necroses of 
exposed ends of bones, do not depend noon the exposing of the neighboring mem¬ 
brane, but upon stasas developing quickly and in great extent under the influence of 
unusual evaporation (O. Weber). 

Gangrene occur, i but rarely from infiltration of tissues with fibi'inous 
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Dr albuminous molecules, wliile in most cases of so-called diphtheritic, or 
phlegmons, as well as of dysentery, other changes are almost always 
present (hypersemia, haemorrhage, suppuration). Likewise, gangrene from 
haemorrhagic infiltration is rare, while the cases so regarded are partly 
haemorrhages with extended laceration or bruising of the tissues, partly trau¬ 
matic inflammations, partly hsemorrhagico-inflammatory infiltrations (e.</., 
anthrax). Gangrene from dense infiltration with nuclei and cells, narrowing 
or closing the capillaries, occurs in many suppurations (many so-called diph¬ 
theritic, better-named forms of phlegmonous inflammation of the throat, 
intestines, uterus, etc.), in tubercle (so-called yellow tubercle), in typhous 
new-fonnations (sloughs of typhoid fever), in the exudation of cerebro¬ 
spinal meningitis, in catarrh of the nasal mucous membrane* etc. : thus 
under circumstances where the collateral circulation is insufficient, or where 
no new vessels have been formed. 

Buiil proposes for sucli cases, instead of the terms diphtheritic inflammation, or 
diphtheritic exudation, the names: acute sloughing, acute tissue-necrosis, necrotic 
exudation. He urges rightly, that the growth of free nuclei surpasses the number 
of cells, that the nuclei are round, oval, pear-shaped, etc., with sliarply defined con¬ 
tour. 

In many cases referred to in this category (mykosis of the stomach and intestine) 
bacterian formation is the first condition, followed by a high grade of hyperannia and 
haunorrhagic infiltration, and gangrene. 

Gangrene from high degree of fatty metamorphosis of connective-tissue 
corpuscles rarely occurs of itself, oftener with haemorrhages and inflamma¬ 
tions. The corpuscles mentioned are quickly tilled with fat-molecules, are 
destroyed, and therewith the nutrition of the whole tissue fails, so that 
necrosis appears. 

Here especially is to be referred gangrene from inflammation in parts 
which are completely or incompletely paralyzed, gangrene in inflamed drop¬ 
sical parts, probably also the so-called noma of the face and genitals in 
cachectic individuals. 

Hirschberg (Bcrl. /din. WocJiemchr ., 1808, No. 31 and 32) describes an ulceration 
of the cornea in little children, dependent upon encephalitis, which ulceration is of 
a neuro-paralytic character, and with which children from two to six months old 
die from digestive troubles and marasmus, but usually without pronounced brain- 
symptoms. 

In many cases, where gangrene proceeds originally from the capillary vessels, a 
venous, more rarely arterial thrombosis appears secondarily. To distinguish 
them from primary, i. e.. embolic thromboses, is sometimes very difficult. This is 
most often the case in senile or marasmic gangrene. 

Gangrene never results from diminished activity of the heart alone in 
acute or in chronic diseases (typhoid fever, pytemia, acute exanthemata— 
chronic cachexia? of every kind); only with simultaneous changes in the 
arteries, or extended thromboses (<yangroena senilis), or continuous pressure 
upon the part (bed-sore 

A more disputed point has always been the relation of arterial obstruction and 
the changes of the heart’s muscle to gangrene. The artery is found filled sometimes 
with coagula, sometimes it is found empty. The coagula are sometimes secondary 
to the gangrene, sometimes they existed before and are the causes of gangrene. 
Mummification, dry gangrene of the extremities, is always the consequence of im¬ 
ported coagula, of emboli. The so-called spontaneous gangrene in rheumatism 
with endocarditis has for the most part this foundation. Other forms of so called 
spontaneous gangrene, as it often occurs, for example, in old parsons ( gangroena 
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senilis) are connected with arterial disease, but the nearest arteries are usually- 
found free from coagula, at least from old ones. Disease of the arteries and of the 
heart’s muscle impedes the blood-current, especially in most distant parts, as the 
feet. Light frictions, pressure, slight inflammations, cold determine, more quickly 
an outbreak of necrosis, than in normal nutrition. In a similar manner also is 
gangnena ex deonbitu produced, which has its origin neither in obstruction of ar¬ 
teries nor in inflammation. The enfeebling force lies here in the torpidity, or true 
fatty degeneration of the heart, as it appears in consequence of all severe diseases 
(especially severe typhus and typhoid fevers, pysemia, spinal paralyses). The sore 
follows in consequence of continued pressure : so-called necrosis of compres¬ 
sion. It is found especially on the sacrum and trochanters, rarely on the heels, 
spinous processes of the vertebral column, scapula, head of the fibula, the back 
part of the he id, wherever the hard bony supports increase the pressure. 

The duodenal ulcers often found after severe burns, freezing, more rarely from 
alcoholic abuse, are, according to Falk, consequences in part of depressed heart’s 
action, in part of the corrosive action of the intestinal contents. 

2. Gangrene from disorganization of tissue-elements. 

The causes in question give rise in their slightest grades only to con¬ 
gestive hypenemia, in their higher grades to inflammation, in their highest 
grades to gangrene; these three processes sometimes pass in a single case 
into one another. 

a. A disorganization of tissues occurs after severe wounds of every 
kind (stabs, shots, etc.), but especially after bruises, when they result in 
complete destruction, in external parts of every form : so-called gangrene 
of destruction, gangrene foudroyante / as well as in internal parts, often- 
est in the cervix uteri, vagina and vulva after severe births, but also 
in the brain and lungs, without or with simultaneous injury of the sur¬ 
rounding soft and bony parts. 

b. After concussion (brain, bones) a somewhat similar thing probably 
occurs, but the anatomical relations are still undecided. 

c. Freezing and burns, in their higher grades, are attended directly by 
the same results; indirectly, they act, in their lower grades, by producing 
anEemia or venous hypersemia. 

The ear of a rabbit can be rendered stiff, hard and immovable by a continuous 
spray of sulphuric ether. The blood-column becomes fixed and immovable. After 
a few minutes the ear becomes soft, flabby, as if soaked with water, the blood fluid 
and easily movable. For the most part, in the course of from one-half to one hour, 
there appears the form of an acute inflammation. (Samuel.) 

According to Richardson (Med. Times and Gazette , May, 1867), the brain and 
spinal cord, besides the medulla oblongata, of frogs, rabbits and doves can be 
frozen: after these organs have been thawed out, their functions are completely 
restored. R. could freeze and thaw again the brains of doves over forty times, 
without detriment to the comfort and intelligence of the animals, and hold them 
for five hours in the frozen state. 

Samuel (Med. Utrlbl. , 1869, p. 806), in his experiments by scalding the ears of 
rabbits, whose carotids had previously been ligated, found that with a scalding heat 
of 62 C. the anaemic ear became gangrenous without having suffered previous inflam¬ 
mation, while in the uninjured ear of a like strong rabbit regular suppurative 
inflammation was developed. 

d. Chemical substances (concentrated acids and alkalies—corrosive 
substances chiefly) act either by withdrawing the watery constituents from 
the tissues, or by entering into chemical combinations with the tissue- 
elements. Their action has been observed, in part accidentally after poi¬ 
soning, etc., in part during their use therapeutically. 

The changes arising from the action of corrosive substances have been, with respect 
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to the chlorides, most thoroughly studied by Bryk (Lc.). Inflammations from cor¬ 
rosive substances are characterized in the first place by the presence of sloughs, 
then by blood-coagula in the immediately adjacent vessels, which extend into the 
capillaries. The slough contains mostly mummified, in part fatty tissue : accordingly, 
the slough is generally dry and hard, as by concentrated metallic chlorides; or 
soft and liquefying, dependent upon greater and quicker fatty metamorphosis, as 
by chlorine, chlorides of the alkalies, and dilute solutions of metallic chlorides. 
Between the gradually shrunken slough and the remaining free parts, there is a 
layer of fatty degenerated tissue; by the destruction of which the loosening of the 
slough is accomplished. Now the so-called reactive inflammation begins in the pre¬ 
served tissue : first as nuclear growth in the connective tissue of the skin, 0-8 hours 
after the beginning of the effect of the caustic, likewise nuclear increase and 
sprouting on the capillaries. The fatty layer between the slough and tissues is 
resolved into a cheesy pulp. The slough loosens. On the fourth or fifth day, more 
serum exudes from out of the granulation layer, and pus is formed, which washes 
away the debris of the tissues. Suppuration and cicatrization follow. Nuclear 
growth and suppuration are now much less than before, because thromboses are 
numerous and extend into the capillaries; at the same time also on account of the 
pressure of the appearing slough. On the tenth or twelfth day, when the slough 
falls olE entirely, cicatrization progresses. Fever is entirely absent or is moderate. 
The urine is often increased, contains much epithelium belonging to the urinary 
tubuli, and albumen. The epithelium is often granular and clouded by the metallic 
chlorides. The urinary changes disappear on the third to the fifth day after cauteri¬ 
zation, when the slough is disconnected from the vascular tract. 

The so-called softening of the stomach does not belong to this class: it 
appears first after the appearance of death and only then, when the contents of the 
stomach passes into strongly acid fermentation. W. Mayer (J). Arch. f. Min. Med., 
1871, IX., p. 103) describes a case of gastro-malaeia before death. 

According to Kussmaul’s experiments, chloroform also must be included here. 
If it be injected into the arteries of dead animals, putrefaction is prevented, while 
the same is excited by it in living animals. If the animal lives a sufficiently long 
time after the injection, there will be sustained in the dead member for one or two 
days a lively blood-current. This furnishes the explanation, why in living animals 
the rigidity from chloroform is so quickly suspended and putrefaction appears. 
Probably the chlorofor.n is washed by the blood-current out of the limb and thus 
the tissues are robbed of that material which had killed them, but at the same time of 
the power it had to protect from putrefaction. Chloroform is only a mortifying, not 
a septic agent. Putrefaction appears only when chloroform has been removed, and 
it is the blood, which now under conditions so changed, acts contrary to its former 
manner destructively on the changed tissues, whilst it furnishes the three chief 
conditions for the excitation of putrefaction : warmth, oxygen and water. It bears 
the same relation to gangrene or putrefaction of parts rigid by chloroform, as to 
gangrene of frozen parts. Antiseptic agents, frost, and chloroform, may induce 
sepsis indirectly by killing the tissues, if the parts thaw out, or the chloroform is 
carried away by the blood-current. 

e. I [ere belong also numerous cases, in which the form of disorganization 
of tissues is not wholly clear, in which the immediate cause lies either in 
physical or in chemical influences, or in the presence of fungi. Physical 
agents which reaching from without to, or within the body, cause some¬ 
times only inflammation, sometimes this followed by gangrene, sometimes 
the latter from the beginning. These conditions are oftenest found in the 
air passages and lungs (pulmonary gangrene), if, from whatever cause, 
expectoration is rendered difficult. With respect to many bodies, it is 
doubtful whether their mechanical or chemical force is the cause of the 
gangrene : in many gangrenous inflammations of the lungs, and of serous 
membranes. 

The forms of gangrene dependent upon chemical decompositions of 
known or unknown nature, are very numerous. Here belong infiltration 
of tissues with secretions and excretions, especially urine, and the excre¬ 
ment; putrefactive decompositions (so-called putrescence) of ulcerous sur¬ 
faces and wounds, as they occur in over-filled and badly ventilated sick- 
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rooms, with deficient cleanliness, in moist warm air, or by foreign bodies on 
the external skin and bordering mucous membranes, especially on the 
internal surface of the puerperal uterus. Putrid bronchitis during severe 
diseases of the mouth and throat is explained by decaying blood and secre¬ 
tions of wounds (in operations), by putrefactive processes (diphtheritis, 
ichorous cancers of the tongue, etc.) ; the same disease and pulmonary 
gangrene are explained in those severely sick, and in the insane in part by 
particles of food, which, accidentally or during artificial nutrition, find 
their way into the bronchi and there become putrid. In like manner do 
large bodies, which have found their way into the bronchi, especially 
organic matters (bones), not infrequently cause gangrenous pneumoniae. 
The secretions remaining on the ulcerated mucous membrane of the nose, 
ear, in bronchiectases, oftenest those of the lochim on the mucous mem¬ 
brane of the uterus cause putrescence of the mucous surfaces. Also ichor¬ 
ous tdcers, especially cancers, which perforate the parenchyma, and often 
cause gangrene of the latter ( e.g ., pulmonary gangrene from cancer of the 
oesophagus). Even long-lasting uncleanliness from urine or excrement may 
cause inflammation and gangrene. Thrombi, which are impregnated with 
putrid substances, if they become embolic, induce like decompositions: 
e.y., pysemic thrombi of various parts of the body, especially those of the 
cranial sinuses in diseases of the ear, perhaps also many marasmic thrombi. 

Among those forms of gangrene, in which vegetable parasites are the 
essential causes, almost the only one generally acknowledged is gangrene of 
the spleen, and the carbuncle of gangrene of the spleen (seep. 103). Many 
here include also hospital gangrene, pyaemia with puerperal fever, malig¬ 
nant diphtheritis of the throat, the poison of dead bodies. The so-called 
putrid bronchitis, and pulmonary gangrene are with greater probability 
dependent upon fungi, and indeed upon micrococci and bacteria, perhaps 
also upon leptothrix and sarcina: these fungi cause, in the lungs as well as 
in external dead parts, a process of chemical decomposition. 


It is not yet decided to what extent fungi are associated with the different forms 
of gangrene. In the greater number of cases the fungous formation is secondary. 
According to Tiiaube (D. Klin., 1853, p. 400; 18(51, No. 50 ff; 18(52, p. 41), and 
Leyden and Jaffe {Arch. f. klin. Med., 18(5(5, II., p. 489) putrid bronchitis and 
many forms of pulmonary gangrene are dependent upon fungi, especially the so- 
called leptothrix pulmonalis (a descendant of l. buccalis). Rosenstein {fieri, klin. 
Wochenschr ., 1867, No. 1) saw the former affection caused by the oidium albicans. 

Concerning the so-called PNEUMONOMYCOsrs saiicinica, see p. 94. 

Gr. Simon ( Deutsche Klin., 18(59, No. 15) found experimentally in man and animals, 
that small quantities of acid unmixed urine are as harmless as water, that urine 
mixed with blood, pus and mucus, while urine has an acid reaction, is without injury 
brought into contact with the surface of wounds or may be injected into the tissues; 
but that alkaline urine acts destructively upon the tissues, and that all is true of it, 
which has been traditionally assumed of every urine; that acid urine does not 
possess the supposed disposition to quicker decomposition, that in intimate con¬ 
tact and mixture with a small quantity of animal tissues and liquids, which had 
been affected by decomposition, it assumed an alkaline reaction only on the fifth and 
sixth days, and that in closed vessels it was not yet decomposed on the tenth day; 
that acid urine in very extensive contact with living tissues and liquids and by long 
stagnation in the subcutaneous connective tissue does not enter into ammoniacal 
decomposition; that acid urine, which has been for a long time in contact with 
dead animal substances, or for a longer time stagnated in the subcutaneous connec¬ 
tive tissue of a living animal, assumes no properties which render it destructive of 
living tissues. Gangrene, which appeal's so rapidly and extensively in man after 
infiltration of acid urine, so-called gangrene of urine-infiltration, is, according to S., 
to be ascribed to pressure from within. If urine in great quantities be forced with 
great power (by action of muscular coat of bladder and abdominal pressure) into the 
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stretched intermuscular and subcutaneous connective tissue of the perineum, etc., 
the nutrient vessels will be lacerated, etc., and thus nutrition will be cut off. 

According to Menzel ( Wien. med. Wschr., 18(59, Nos. 81-85), gangrene appears 
after infiltration also of acid urine into bruised tissues. 

That putrefying substances, e. g ., putrefying tissues from contused wounds, the 
urine after urine-infiltration, so injurious to fresh wounds, have almost no effect on 
granulating wounds, is explained by BILLROTH, by the fact that these substances 
are resorbed only by the lymphatics, but that no open lymphatics are present on 
the surface of granulations. 

The ichor of gangrene, and gangrenous fluids generally often act infec¬ 
tiously on surrounding tissues, uidess there early appears a reactive inflam¬ 
mation of them—important in operations in gangrenous parts of every 
kind. 

The poison of dead bodies acts in like manner, likewise the contagium in 
glanders, hospital gangrene, puerperal fever, of the latter of which it can¬ 
not be said with certainty, whether it is a specific morbid product or a 
common product of putrefaction. Here also finally are included many 
contagions, e.g., that in severe epidemics of scarlet fever, many medica¬ 
ments, e.g., mercury (gangrenous stomatitis), and many poisons, especially 
of snakes. It is doubtful whether noma should be regarded as a specific 
form of gangrene. 

The contagiousness of many forms of gangrene, as of hospital gangrene, is 
doubtful. Many, e.g. Vidal, assume two forms of gangrene of the spleen: a con¬ 
tagious, the carbuncular form, and a non-contagious form, pustula maligna s. 
gangrcenom. 

Fischer {Char.-Ann., 18(55, XIII., 1 H., p. 53) concludes from experiments by 
inoculation, that the secretion of hospital gangrene, as well as the pseudo-membran¬ 
ous and pulpous surfaces of gangrenous ulcers contain an inoculable contagion ; 
that this contagion adheres very strongly to the secretion, and, after standing many 
days and even after drying, it is still active. The local action began after 24-3(5 
hours. That the resorbed gangrenous ichor acts septically on the blood, is shown by 
the almost constant icterus of the urine, fatty degeneration of the heart, liver and 
kidneys. According to B RUG MANS, Delpecii, Pitha and Fischer, hospital gan¬ 
grene does not owe its development entirely to a denuded or ulcerating portion of 
skin, but it may also germinate and increase spontaneously on healthy skin. * 

Many causes of gangrene often exist simultaneously. Thus gangrene 
occurs oftenest in many inflammations, if a light physical or chemical 
influence on the part is present. 

Gangrene occurs for the most part sporadically. Many forms of it 
occur epidemically and endemiually, e.g., diphtfieritis, hospital gangrene, 
many forms of child-bed fever. 

Symptoms of gangrene. 

The symptoms of gangrene relate partly to the gangrenous part itself 
(local symptoms) and its surroundings, partly to the whole organism (gene¬ 
ral symptoms). 

The necrotic part is sometimes sharply defined: gangr.ena circum¬ 
scripta: sometimes it is difficult to distinguish the dead from the dying 

* The Editor, in 1803, while serving in the army hospital on David’s Island, New 
York harbor, as medical cadet, U. S. A., inoculated himself twice with products of 
hospital gangrene without effect. The inoculations were made after the manner of 
vaccine inoculations, solid gangrenous matter being used on one occasion, and gan¬ 
grenous ichor on tire other : the punctures (on the arm) were covered with a watch- 
glass and observed. No local or constitutional disturbance followed, although the 
subject was not in good health. 
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portions: gangii.ena diffusa. Circumscribed gangrene lias usually a less, 
the diffuse a greater extension. 

Local symptoms of gangrene. 

They vary with the kind of gangrene, with the blood-supply, and with 
the character and position of the tissue. 

In the gangrenous portions of the body there can be especially distinguished : the 
gangrenous centre, which, e.g ., corresponds exactly with the point of application of 
the corrosive substance, and the surrounding area, which, surrounding the centre, is 
of varying circumference (e.g. , greatest from sulphuric acid, smallest from the actual 
cautery), and corresponding to which is the coagulated blood in the arteries and 
veins. (Samuel.) 

Formerly, dry gangrene, mummification, whereby the parts become 
black and dry, was distinguished from moist gangrene, where they are dis¬ 
colored and soft. At the present time the following forms of' gangrene are 
assu med. 

1. So-called drying, that form, where at first only the fluid elements, 
which lie partly between the tissues, partly within them (cells, fibres), are 
separated by evaporation or absorption, but besides this almost no morpho¬ 
logical changes appear in gangrenous parts. This occurs to the greatest 
extent in extra-uterine foetuses (sometimes in twin-pregnancies, where one 
foetus dies prematurely, and the other develops further), in intestinal 
worms in the interior of organs (cysticerci, echinococci, trichinae), and here 
affects all tissues. The same process is found to a small extent in the cells 
of the blood after extravasation into the interior of tissues, of pus and 
tubercle, more rarely of cancer (so-called simple atrophy, drying, cheesy 
transformation—see p. 293). In all these cases the parts remain after loss 
of the water for years unchanged, or the parts afterward calcify. This 
takes place not by a metamorphosis of the part itself, but it is an infiltra¬ 
tion from without; there is formed in grosser parts, e.g. in the dead foetus, 
first a calcareous shell, while the deeper parts still remain free from lime; 
smaller parts, as intestinal worms, present calcified cells in their whole 
thickness. 

In the eneapsulecl foetus of abdominal pregnancy V rue now and others found after 
many years muscles, connective tissue, and vessels uninjured. 

2. So-called dry gangrene or mummification appears in external parts, 
when the supply of arterial blood is slowly or quickly cut off, when only 
the usual amount of blood remains in the parts (without the establishment 
of a sufficient collateral circulation or a venous and capillary hypersemia), 
while besides resorption of fluid tissue-elements, there is also an evapora¬ 
tion of them. This is oftenest the case in gangrene of the bones, also in 
the extreme portions of the lower extremities in embolic gangrene, and iu 
uncomplicated marasmus, or senile gangrene. The parts, e.g., at first the 
toes, or the whole foot shrivel into a brownish or blackish, firm mass, 
sometimes ringing when struck, but retaining its form. A similar 
thing occurs in the various forms of gangrene from pressure, when in con¬ 
sequence of pressure they have at the same time become to a high degree 
antemic: the gangrenous parts then have mostly a white color. 

3. So-called soft gangrene,— or, since no badly smelling gases are gene¬ 
rated, odorless gangrene consists in a simple softening, colliquatio , 
without putrefaction. In this form the tissues become liquid: the fluids 
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arise within the tissues themselves or enter them from without. Soft gan¬ 
grene occurs in normal tissues, most frequently as white softening of the 
brain after embolism of the cerebral arteries with no collateral circulation. 
It occurs also in thrombi, sometimes in haemorrhagic accumulations in 
organs, to which air cannot have access, in chronic pneumonia, perhaps 
also in abscesses. It has been longest known as secondary softening or 
liquefaction of tubercles (in the brain, lymph-glands, etc.) and cancers, 
where it begins in the centre of the new-formation, and in its progress on 
the periphery in fiat organs gives rise to ulcers. 

Just such a case was seen by myself, where a woman 4G years old, after having 
been affected by peliosis for two years, and by diarrhoea for nine months, died. The 
autopsy revealed in the lower portion of the jejunum and the entire ileum about 
sixty round, elongated, dentated, etc., gangrenous spots of a yellowish-white color 
and of the size of a lentil to that of a dollar, which affected only the mucous mem¬ 
brane or all the coats of the intestine, which they nearly or wholly perforated and 
which were the causes of the fatal purulent peritonitis. The genesis of this gan¬ 
grene has heretofore remained unknown. 

4. True putrefaction, putrescence, sepsis most commonly appeal’s in 
the same manner, as every animal substance putrefies through access of air 
and the presence of abundant water: so-called moist gangrene, gangrene, 
sphacelus. All soft parts of the body putrefy, as soon as the vital trans¬ 
formation of material in them ceases; for the most part quickly in propor¬ 
tion to the amount of blood in the tissues (from previous hypertemia), 
their softness, and water contained in them (fatty tissue, connective 
tissue, muscles). The ferment is partly contained within themselves, and 
is partly received from without. Moist gangrene occurs in external parts 
of every kind, especially also in disintegrating soft new-formations of 
them: it is the common form of pulmonary gangrene. (See p. 101.) 

Sometimes decomposition progresses to the development of gases: em¬ 
physematous GANGRENE. 

In gross the external parts in moist gangrene appear at first looser, more 
flaccid, doughy, discolored; sometimes the coloring matter of the blood 
settles and there appears a dark, bluish, or dark red coloring. The epi 
dermis, or the whole epithelial layer is raised in blisters, which are filled 
with a reddish or brownish fluid (so-called gangrene-vesicles); beneath 
them especially, putrefaction goes on. The parts break up with great 
stench at first into ragged, withered, then greasy and liquid masses of black¬ 
ish, brownish, yellow appearance. Some portions dry up, others fall olf or 
remain attached to tendons, ligaments, bones. In gangrene of whole ex¬ 
tremities, destruction of the skin and connective tissue for the most part 
progresses further than that of the muscles, and the latter further than that 
of the bones. The sulphuretted hydrogen generated colors silver probes 
and lead ligatures black through the formation of the sulphide of silver 
and sulphide of lead. Pulmonary gangrene behaves in a similar manner, 
in which besides the flaccidity, anaemia, etc., of the tissue, the stench is 
especially characteristic. 

Under the microscope the tissues in moist gangrene appear at first only 
clouded, retain their form, but later break up always into smaller colorless 
particles—so-called gangrenous detritus. At first the blood-corpuscles and 
fat-dells are destroyed : the parts are impregnated with the coloring matter 
of the blood; fat is found mostly in very great quantity, mostly free, 
partly in crystals. The former depends for the most part upon the destruc¬ 
tion of tissues, in part perhaps also upon an infiltration from without. 
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The so-called gangrenous ichor consists chiefly of water, decomposed blood 
and fat, and molecular masses. Gland-cells and epithelium are destroyed 
almost as quickly; then follow muscles and nerves. Connective tissue and 
cartilage last longer, the horny tissues, elastic tissue (e.g., in arteries, 
bronchi, lungs), hyaloid membranes, bones and teeth last the longest. As 
microscopical objects, finally, there are seen chiefly granular masses (albu¬ 
minous molecules, fat-granules, pigment-granules), larger pigment-masses, 
fat-drops, fat-crystals, cholesterin, crystals of chloride of sodium, triple 
phosphates, of sulphate and carbonate of lime, sal-ammoniac, leucin. 
Besides, there occur, according to the form of gangrene, various fungi 
(bacteria, mould-fungi, etc.). The chemical elements are butyric acid, 
valerianic acid, carburetted hydrogen, ammonia, sulphuretted and phos- 
phoretted hydrogen, sometimes nitrogen: by which is explained the color 
and odor of gangrenous masses. 

The histological changes of gangrenous parts are not characteristic. Demme’s 
so-called gangrene-corpuscles occur also under other conditions. The changes and 
final destruction of red blood-corpuscles have been investigated, especially in cases 
of experimental burning (M. ScilCLTZE, Wektheim, Falk). 

The so-called gangrenous foetuses are very different. They are of 
various ages. All tissues show essentially a soaking with sero-bloody 
liquid ; the serous sacks contain the same. The softer tissues are in part 
dissolved; almost all are dirty-red from diffusion of the coloring matter 
of the blood. The odor of such foetuses is, on the contrary, stale; stiid 
ing, only when after the escape of the foetal liquid air takes its place. 

Concerning the microscopical conditions, see Buhl (Hecker and Buhl, Klin. d. 
Geburtsk ., 1861, p. 826). In a peculiar “lipoid transformation” of a foetus B. saw 
the walls of the cavities of the body covered with a thick layer of grayish white 
grease (needles of margarin). 

A moulding of the gangrenous part may be combined with each of the 
four kinds of gangrene. (See p. 95.) 

The four kinds of gangrene mentioned, as well as the circumscribed and 
diffuse gangrene, may pass in many v/ays into one another. Thus we see, 
e.g., in gnngrama senilis, on the surface dry gangrene, under the skin moist 
gangrene: moist gangrene becomes dry or mummified, if it occupies 
external surfaces and the affected portion of skin is not too thick, so that 
it can dry out. In embolic gangrene, common mummification is often 
found in the toes, while in the upper portion of the thigh moist gangrene 
is commonly present. 

In HOSPITAL gangrene {gnngrcenn nnsoeomialU) fresh as well as granulating and 
cicatrizing wounds are affected in a peculiar manner. Either the granular surface is 
changed into a yellowish greasy pulp, which can be wiped off the surface, but whose 
deeper layers are firm. The surrounding skin shows the same metamorphosis, so 
that the original wound is after 8-4 days increased to double its size. Or a wound 
quickly assumes a crater-like character, and secretes a sero-ichorous liquid, after the 
separation of which the tissues lie free. This takes place usually in tolerably sharp 
circular forms and not infrequently to a considerable depth. These changes occur 
especially in trifling wounds, like leech-bites, wounds from cupping instruments, 
even vesications of blisters. Both forms are known as pulpous and as ulcerous 
hospital gangrene. 

The volume of gangrenous parts and organs is, according to the form of 
gangrene, normal, increased or diminished. 
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The color of gangrenous parts is sometimes unchanged, sometimes white 
(so-called white gangrene from local anaemia or infiltration of pus), some¬ 
times one of the most various shades of gray, grayish-blue, grayish-green, 
brownish-red, brown, black. The latter colors are dependent upon infiltra¬ 
tion of the coloring matter of the blood, or at the same time upon the for¬ 
mation of sulphide of iron. 

The odor of gangrenous parts sometimes cannot be perceived, sometimes 
it is (in putrefactive gangrene after destruction of the skin, in pulmonary 
gangrene, etc.) peculiarly sweetish, or is in the highest degree stinking. 

Palpation shows the temperature of gangrenous parts lowered since it 
is only communicated from the surrounding structures. According to the 
form of gangrene is the consistence hard, or flabby, or there is to be felt 
a peculiar crepitation (emphysematous gangrene). 

The function of gangrenous parts is completely destroyed. Sensation 
and motion are wanting in external parts. That the former is sometimes 
still present is explained by the known law, that irritation of a nerve-fibre 
in any part of its course is always felt at its peripheric extremity. That 
motion is sometimes present in gangrenous extremities, comes from the 
fact, that in gangrenous parts tendons are found, whose muscles ai’e above 
the gangrenous centre. By the action of gangrenous substances on the 
surrounding structures there arise various forms of functional disturb¬ 
ances : in the lungs, often tormenting cough. 

Pain is mostly wanting in gangrene even of external parts rich in 
nerves, e. < 7 ., in most cases of gangrene from pressure; it is more rarely 
present, as in many cases of rjangrcena senilis , when preceded by inflamma¬ 
tory phenomena, in all cases of embolic gangrene after endocarditis (sc- 
calleci rheumatic gangrene). If it is the extremities which are gangren¬ 
ous, they feel to the sick person like a dead burden. If the part has 
experienced severe pain before the appearance of the gangrene, there 
follows with its appearance a relief from suffering; on the other hand, 
pains of the upper part are readily referred to the insensible periphery. 
Smaller gangrenous centres in the interior of the lungs, brain, etc., espe¬ 
cially in parts with small supply of sensory nerves, are wholly painless. 

The vicinity of gangrenous parts is often hyperaemic and oe'dematous. 

The local symptoms of gangrene sometimes appear quickly, sometimes 
slowly—variations which depend chiefly upon the kind and intensity of the 
cause, as well as the kind of tissue. 

The beginning of the local symptoms of gangrene varies sometimes in the same 
form of gangrene. Gangrene from decubitus, e. g ., begins sometimes as a local, very 
painful inflammation, which passes into ulceration and then into gangrene ; or there 
appear at first bluish-red spots, which become blisters or are immediately trans¬ 
formed into gangrenous sloughs. 

In a case, reported by Rosenthal ( Wien. med. Jahrb., 1872, p. .289), where there 
was an ischaemic paralysis of the extensor muscles of the thigh of the left side from- 
an aneurism of the femoral, loss of electro-muscular contractility on the extensor 
side of the thigh preceded by one day the appearance of the first signs of gangren¬ 
ous destruction of the soft parts. 

The general symptoms of gangrene are often wanting, if the gangrene 
affects only small portions of internal or external parts, if it consists in a 
simple atrophy and drying, if its cause is a purely external one, and if the 
gangrenous portion is encapsuled, or the connection with normal surround¬ 
ing tissues is destroyed. On the other hand, they are present, especially 
if the gangrene is greatly extended, if it has extensive contact with sound 
tissues, if the latter are not protected by early thromboses, or granulations. 
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They follow ni'jst quickly in extended destructive gangrene and in moist 
gangrene chiefly, especially in many cases of pulmonary gangrene. 

They give rise to the so-called gangrene-fever (septicaemia, ichor- 
rlnemia). It is characterized by great collapse (paleness, loss of strength, 
etc.), for. the most part elevated temperature, small and frequent pulse, 
accelerated respiration, great thirst, etc., repeated shiverings or chills (so- 
called intermittens perniciosa). At other times, phenomena similar to 
those of cholera are present, especially sevei'e diarrhoea. Or there are 
profuse sweats. These, as well as vomiting, sometimes exert a favorable 
influence. In hospital gangrene gastric symptoms are often prominent. 
The fever is for the most part inversely to the limiting inflammation, and 
proportionate to the moistness of the gangrene. It is usually irregularly 
remittent. 


After burning of the skin there appears at first a quick, then a slow lowering of 
the temperature, which continues until death : this has been demonstrated by numer¬ 
ous experiments, as well as by observations on man (Billroth saw in one case a 
temperature of 3:1° C.). The cause of this lies, according to Falk ( Virch. Arch., 
1871. LIII., p. 27), in the increased loss of heat through the very hyperaemic skin : 
heat diminishes or destroys the elasticity of the vessel-walls, so that the vessels are 
dilated by the blood-pressure ; since the afferent branches are not dilated, the increased 
size of the current must cause a slowing of it. Diminished temperature of the blood 
depresses further the action of the heart, which, thereby as well as by the enlarge¬ 
ment of the vessels, may be paralyzed. The cooled blood may also paralyze the nerv¬ 
ous system (drowsiness—more infrequent respirations). Inflammations of the lungs 
and kidneys, as well as duodenal ulcers not infrequently occurring in those who have 
been burned, are explained by F. by the depressed heart’s action, the character of 
the blood, the latter besides by the corrosive action of the intestinal contents. 

General infection is dependent upon the appearance of gangrenous masses 
in corroded, non-thrombosed veins, with consecutive embolism, but especially 
upon the resorption of putrid liquids by means of the blood- and lymph- 
capillaries. 

An embolism of fungi also has been shown in consequence of primary gangrenous 
processes. Waldeyeu ( Virch. Arch., LII., p. oil) saw in gancjrcena senilis of the 
hand pigmented bacterian colonies in both kidneys. I saw non-pigmented bacteria, 
beautifully colored blue by harmatoxvlin, in the bloodvessels of hannorrhagically in¬ 
flamed kidneys in senile gangrene of the foot. 

Kussmaul (1. c.) has shown that a putrified member is not to be regarded merely 
as a dead appendage, even if there is no longer a blood-circulation ; that rather there 
may exist an active interchange of juices with living parts; that the mechanism and 
even the chemical action in sphacelus differ from those in the putrefaction of dead 
bodies ; that, finally, the danger in gangrene of a member depends not only upon the 
extent of contact of living with dead parts, but also on the size of the whole putrid 
mass. When, for example, all the blood-currents in the leg and greatest part of the 
thigh had been arrested in consequence of thromboses, and iodide of potassium, in 
concentrated solution, injected under the sole of the foot, already after four and a 
half hours it appeared in the urine, and its excretion continued in increasing quantity 
for twenty-four hours until the death of the animal. 

A. Key and WallIs (see p. 251) showed that numerous white blood-corpuscles 
immigrated into the slough, produced by corrosive action, of the cornea of the frog. 

Course and termination of gangrene. 

Diffuse gangrene progresses either to the death of the individual; or it 
becomes limited and circumscribed. 

In a favorable termination, thrombosis calls forth in the gangrenous part 
a collateral hypersemia of the surrounding textures, the gangrenous portion 
itself acts as an irritant on the surrounding tissues and causes inflammation 
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of them. There appears the so-called line of demarcation, i.e., a lighter 
line of tissues, which has become hyperaemic and is suppurating. It fol¬ 
lows for the most part the contours of the gangrenous mass. It is at first 
mostly superficial, but gradually deepens and finally separates the slough or 
gangrenous mass from the healthy structures. By the violent removal of 
the slough, light haemorrhages occur, which in a slow and spontaneous sepa¬ 
ration is prevented by thrombosis. The dangers of demarcation vary with 
the surrounding tissues: e.g., typhous ulcer of the intestines, skin, lungs 
(in the latter almost always ichorous pleuritis and pneumothorax). The 
time which intervenes until the dead is wholly separated from the living 
structures varies greatly with the structure and the vascularity of the tis¬ 
sues. Demarcation takes place most quickly in very vascular soft ulcers, 
in subcutaneous cellular tissue and in the muscles, more slowly in the 
corium and mucous membranes, slowest in veins, fasciae, and, of all others, in 
bones. The time depends also upon the volume of the gangrenous part and 
the general condition of the individual. The loosening or throwing off of 
gangrenous parts most commonly occurs in necrosis of surfaces which are in 
contact with the air (skin, mucous membranes, lungs), if life has not pre¬ 
viously been destroyed. 

Sometimes, especially with dried portions in internal parts, a connective 
tissue is formed through limiting inflammation, and, by means of connective 
tissue or osseous new-formation, there results an encapsuling of the necrotic 
part, e.( /., tubercles, typhoid sloughs, portions of bone. 

SAMUEL has experimentally investigated the influence of arterial ligature on the 
origin and course of gangrene. Direct use of caustics cause in anaemic parts as quick 
and extensive cauterization as in normal parts, but the limiting inflammation ig 
delayed. The saines caustics, on the other hand, which at first excited inflammatory 
swelling, and only then gangrene (chloride of zinc with muriatic acid, etc.), act con¬ 
siderably more slowly. Etc. 

A healing of gangrene is possible only in the sense that the gangrenous 
part is encapsuled, or thrown off. The former takes place only under cer¬ 
tain conditions. A throwing off occurs much more frequently, and is more 
or less easily accomplished, according to the size of the gangrenous part, or 
according to its superficial or deep extent, but in internal parts it occurs 
for the most part very slowly. A cicatrix usually remains behind in place 
of the gangrene. 

Special examples of these various possibilities of recovery are afforded, by the sepa¬ 
ration of gangrenous members, iu which art must often be used to assist; by separa¬ 
tions of superficial diphtheritic portions of mucous membranes, and that of typhoid 
sloughs on the mucous membrane of the intestine. Still more difficult is the removal 
of gangrenous portions which are located within bones or parenchymata, as that of 
central boue-masses and gangrenous portions of lungs ; canals leading from gangren¬ 
ous cavities to the surface are called cloac/E. In furuncle and carbuncle there first 
appears necrosis of a portion of cutis or subcutaneous fat-tissue, and around this the 
abscess forms. 

A necrotic park cannot be resuscitated. An apparent death may exist in 
embolism; the anaemic part may appear pale, cold, and paralyzed ; but even 
then it is not gangrenous, but becomes so only when the blood-supply re¬ 
mains cut off for a long time; only when a collateral circulation is estab¬ 
lished does life often return. A second apparent exception of healing after 
the appearance of gangrene is met with in incarcerated portions of intes¬ 
tines. 

See Schweninger, Arch. d. lleilk ., 1873, XIV., p. 300. 
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Gangrene acts beneficially only in comparatively rare cases, where pro¬ 
ducts of inflammation (pus) are destroyed by it, or where new-formations 
(typhoid sloughs, hsemorrhoidal tumors, or like formations, polypi) are 
thereby removed. 

Gangrene terminates unfavorably, in part because of local disturbances, 
in part also because of the general infection of the body. 

Dangerous local disturbances are dependent partly upon the gangrene 
itself, partly upon the inflammation, which limits it. They are: perfora¬ 
tions (as of gangrenous lungs into the pleura; typhous intestinal ulcers and 
gastric ulcers into the peritoneum); dangerous haemorrhages in consequence 
of incomplete or wholly absent thrombosis, great blood-congestion, diseases 
of vessels, etc. (of extremities, stomach, intestines); inflammations of 
serous membranes with ichorous exudations on important organs, e.g ., on 
the brain. Or the body is exhausted sometimes by mere inanition, some¬ 
times in the form of hectic fever, in which there is great painfulness, with 
wearing away of parts. 

Dangerous general disturbances, which arise in consequence of gangrene) 
are in their higher degrees usually fatal. 

Autopsies under such conditions furnish nothing characteristic besides 
the gangrene, the reactive inflammation, and the causative changes. Com¬ 
mon or so-called croupous inflammations of the intestines are sometimes 
met with. Metastatic foci occurring in many organs have sometimes a 
gangrenous character (so-called metastatic gangrene). 


3. PROGRESSIVE METAMORPHOSES. 

(regeneration, hypertrophy, tumors.) 

Abf.rnethy, Surgical Works, 1811, II— Home, On the Formation of Tumors, 
1830.—J. Muller, in his Archiv, 1830.—Idem, Ueber den feineren Ban und die 
Formen der krankhaften Geschwulste , 1838.—Hawkins, in London Medical Gazette, 
1837-8.—Warren, Pr. Bemerk. uber Diagn. u. Cur. d. Geschw ., 1839.—Vogel, 
Gewebe in pathologische Hinsicht, in Wagner’s Ilandioorterbnch der Physiologic, 1842, 
I., p. 797 —Breuer, Melet. circa evolut. ac formas cicatncum, 1843.—Buiilmann, 
Beitr. zur Kenntmss der kranken Scldeimhaut, u. s. w., 1843.—Reinhardt, Traube's 
Beitrdge, 1843, II.—Idem in Virchow's Archie, I., p. 528.—J. and II. Goodsjr, Ana¬ 
tomical and Pathological Observations, 1845.—Bruch, Die Diagnose der bosartigen 
Geschwulste, 1847.—Virciiow, Wurtzburg. Verlumdl ., 1850. I., pp. 81 and 134; II.. 
p. 150.—Idem, in his Archiv f. path. Anat., I., p. 94 ; IV., p. 515 ; VIII., p. 371 ; 
XI., p. 89 ; XIV., p. 1.—Idem, Die kranldiafte Geschwulste, 1863, I. ; 1864-5, II. ; 
1867, III., Th. 1 .—Fuhrer, Deutsche Klinik, 1852.—Paget, Lectures on Tumors, 
1851.—Schrant, Prijsv. over de goed-en kwaadart. gezw.. 3 Aufl., 1852 .—Remak, 
Muller's Archiv, 1852, p. 47 .—Robin, Gazette Medicate, 1853, No. 51 .—Schuii, Ueber 
d. Erk. d. Pseudoplasm., 1854.—His, Beitr. z. norm. u. gat hoi. Histologic der Cornea, 
1856.—Wittich, Virchow's Archiv , 1856, IX., p. 185.—O. Weber, Virchow's Archiv , 
1858, XII., p. 74; XXIV., pp. 84 and 163.—Idem, Handb. der Chirurgie, 1865, I., p. 
240 .—Billroth, Beitrdge z. pathol. Histologie, 1858.—Idem, Deutsche Klinik, 1859, 
No. 40 et seq.—R indfleisch, Virchotc's Archiv, 1859, XVII., p. 239.—Idem, Ex- 
perimentalstudien uber d. Histologie des Blutes, 1863.—von Recklinghausen, Vir¬ 
chow's Archiv, 1883, XXVIII., p. 157 .—Thiersch, Der Epithelialkrebs nam. der 
Haut, 1865. 

[Paget, Lectures on Surg. Path.— Billroth, General Surg. Pathology. —Rind- 
fleisch, Pathological Histology .— Ed.] 

On regeneration, consult: Spallanzani, Opusc. di fisica. anim. e veget., 1776. — 
Arnemann, Verh. uber cl. Regeneration, an lebencl. Thieren. , 1783. —Murray. De 
redintegrat. part. corp. anim. nexu suo sol. vel amisso, 1787. —Blumenbacii, Ueber d. 
Bildungstriebe , 1791. —Eggers, Von d. Wiedererzeugung, 1821. —Dteffenbach, 
Nonn. de regen. et transplant.. 1822. — H. Muller, Verh. cl. Penck. Gesell., 1864, V., 
23 
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p. 11,3.—Works on plastic surgery, on the reproduction and new-formation of connec¬ 
tive tissue, bone, muscle, nerves, bloodvessels, etc. 

On the reunion of parts almost or wholly separated from the body, consult more 
especially: Haller, Element, physiol., 170(5, t. VIII. sect. II., p. 102. — Wiesmann, 
De coalitu partium a rdiqua corpore prorsus duyunctarum , 1824. —Dieffenbach, 
Orneje- Walther Journal , 1824, VI., p. 122. — Zeis, Literal, u. GescMchte d. plast. 
Gkirurgie , 1803, Nos. 218-422, etc.— Hanff. Ueber Wicderanhdlung vollstandig vom 
Kbrper getrennter Hautstiicke, 1870. (See also New-formation of Bone.) 

Compare besides, the older works of Galen, Ingrassia, Fallopius, Astruc, 
Plenck, and others; as well as the newer treatises on pathological anatomy and 
surgery, and monographs on special points. 


Progressive metamorphosis consists in the production of one or more 
new tissues, similar to, or varying in various ways from normal tissues. 

Pathological new-formations are either: hypertrophy in general, iiomce- 
oplasia, homologous new-formations, that is to say, tissues which resem¬ 
ble normal parts of the organism in size, shape, arrangement, function, 
etc.; or : the so-called iieteroplasia, heterologous new-formations, that 
is to sa} r , tissues which bear but little resemblance to normal tissues. 

New-formations are divisible into three classes, which present several 
intermediate transition forms ; as : 

Regeneration, that is to say, the new-formation of a part which has 
been destroyed ; 

Or as Hypertrophy, that is to say, the new-formation of tissues of same 
appearance and function as the part affected: 

Or as Tumors, that is to say, a new-formation in striking contrast to its 
surroundings, of a structure not at all, or seemingly not at all different in 
its histological elements from the parts affected, but unlike it by its num¬ 
bers, size, shape, arrangement, and function. 

Regeneration, the renewal of a destroyed tissue, is a process which ranks 
half way between normal and pathological new-formations. It is very 
probable that gradually all the tissues of our body are reproduced: at any 
rate this is certainly true of the hair, nails, the stratified epithelia, of stri¬ 
ated and smooth muscular fibres; it is almost certain of all true epithelia, 
of gland-cells. The term pathological regeneration is employed conse¬ 
quently when we speak of a renewal of tissues whose destruction has not 
been brought about by the normal exercise of their functions, but by the 
action of certain influences whose derivation is outside the limits of health. 

The regeneration may be a true or complete one, that is to say, there 
arises a tissue just like the one destroyed (epidermis, epithelium, hair, nails, 
connective tissue, bony tissue, nerves, occasionally muscular substance, the 
crystalline lens, or possibly the vitreous body). Or, the regeneration is 
imperfect, that is to say, cicatricial tissue is formed where loss of substance 
has occurred (external skin and mucous membranes, glands, etc., not rarely 
also in muscles). This cicatricial tissue either does not undergo further 
change, forming permanent scars, or its place is after awhile occupied by 
normal structures, provisional scars. 

In the external parts (skin and bones) regeneration can be directly ob¬ 
served : in other parts we are obliged to infer its occurrence from the resto¬ 
ration of function—as in nerves; and under other conditions it can only be 
determined by minute, exact, or even microscopic examination. 

In the human species regeneration is obtained only in the case of simple tissues 
(epithelia, connective tissue), or in the case of tissue-systems (bloodvessels, bones, 
muscles), never whole organs or parts of organs. In the lower animals regeneration 
lakes place on a very much greater scale ; in salamanders and lizards reproduction of 
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the tail and even of its contained spinal cord has been seen; in tritons whole limbs, 
the lower jaw, even the eye, have been regenerated. 

The reunion of wholly detached parts is closely allied to regeneration. 
This reunion usually only takes place if the separated parts have been 
severed from the body only a short time, so that it be yet warm and viable. 
As examples may be cited the reunion of teeth (even dead teeth have been 
known to revive in an alveolus), hairs, bones, wholly separated bits of skin 
from various parts of the body, separated noses, ears, whole phalangeal 
portions of fingers. These parts are not merely in vascular, but also in 
nervous union with the original body; even lupus and epithelial cancer 
invade such parts, sometimes with especial readiness. 

The compensatory development of organs remaining in the body, and hav¬ 
ing a structure and function similar to those of the lost part, belongs in part 
here, but in part also enters into the domain of hypertrophy. For example, 
the development of small arteries and veins into larger vessels in the colla¬ 
teral circulation ; the hypertrophy of one kidney after atrophy of the other ; 
the hypertrophy of the lymphatic glands after extirpation of the spleen, etc. 

Hypertrophy is either a simple, true hypertrophy, in which the tissue- 
constituents exist in normal number, but are enlarged ; or is a numerical 
hypertrophy or hyperplasia, in which the important tissue-elements, or all 
of them, have increased in number. The simple and the numerical hyper¬ 
trophies often pass into one another, and are even exhibited within physio¬ 
logical limits, as in muscles and bones. Hypertrophy sometimes affects 
whole organs (muscles, bones, adipose tissue); sometimes only parts of 
organs, when it is immaterial whether we call the growth hypertrophy or 
tumor (as, for example, hypertrophy of the papillary layer of the skin, 
wart, or condyloma; local hyper-trophy of the mucous membrane, or mucous 
polypus; partial hypertrophy of bone, osteophyte or exostosis). The local¬ 
ized or generalized hypertrophies of the connective tissue, in the midst of 
which the more important elements, muscular fibres, glandular cells, are 
preserved or reduced in number, are commonly called indurations or 
scleroses. 

Tumor-like new-formations, or tumors (growths, neoplasmata, pseudo- 
plasmata, are, histologically speaking, homoeoplastic or heteroplastic ( vide 
supra ) ; their relation to surrounding parts is such that they are either 
circumscribed or diffused. Circumscribed growths are usually globular or 
knotty masses which have pushed normal tissues to one side; in diffused or 
infiltrating growths, on the contrary, the elements of the tumor are so de¬ 
posited between the elements of the normal tissue that there is no separation 
between them; or else the elements of the tumor occupy the place of the 
normal elements which have been destroyed (so-called substitution). 

It is not possible to give an exact definition of the word tumor, either in the above 
meaning of the word, or in a more general application. In the latter sense we speak 
of tumor of the spleen, tumor of the face, without meaning tumor in the former sense. 
Kuss would designate an inflammatory tumor as phlogoma. Tumors may, as wholes, 
deviate a great deal from a normal tissue, but their ultimate elements, cells, fibres, 
etc., are formed like the cells and fibres of normal tissues, and joined together accord¬ 
ing to the same laws. Tumors do not differ from normal tissues by the presence of 
specific elements ; but often they are not even abnormally constructed, but are abnor¬ 
mal (pathological) only because they occur in a locality in which their elements do not 
normally exist (Heterotopia) ; or because they are developed at a time when their pres¬ 
ence is an abnormality (Heterochronia). Consequently, Virchow calls tumors which 
are composed of only one tissue (for example, epithelium, or connective tissue), tissue¬ 
like, or hist io id ; those composed of several tissues, organ-like, or organoid ; lastly, 
those composed of several tissues and organ-like parts (as tumors of the skin com- 
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posed of connective tissue, epidermis, sweat and sebaceous glands, etc.), systema- 
TOID, or TERATOID. In addition, there are tumors in which several types of tumors 
are combined, combination tumors, masses dissimikiires , productions mixtes. 

The occurrence of hypertrophies and new-formations in various organs 
and tissues varies. Some occur in all or almost all tissues or organs, as 
especially the connective tissue and vessels, tubercle and cancer; this takes 
place either with almost equal or with varying frequency (see the scale of 
frequency of tubercle and cancer). Many new-formations occur only in 
certains organs and tissues, in which case the latter and the new-formed 
tissue mostly agree in structure: connective tissue occurs oftenest in con¬ 
nective tissue; osseous tissue, oftenest in bones and periosteum ; fat-tissue, 
almost only in fat-bearing parts, organic muscle-fibres, almost only in organs 
made up of this tissue, epithelial and glandular tissue, almost only in like 
epithelial and glandular oi'gans, etc. The tissue, from which all new-for¬ 
mations, with the exception of the epithelial, most frequently proceed, the 
so-called general germ-tissue of the body, is connective tissue in all its 
forms. 

The number of new-formations in an individual varies greatly. Either 
only one or several are found, or their number is very great, innumerable. 
In the latter case new-formations either vary in structure, their occurrence 
together is accidental (e.g., enchondroma and cancer); or they have a sim¬ 
ilar structure (e.g., cancers). If new-formations exist in great number, they 
are located in the same organ or tissue (e.g., myoma in the uterus, enchon¬ 
droma in the bones); or they are located in different organs (e.g., cancer in 
the stomach, liver, and lungs). 

The size of new-formations varies from an extremely small size, not at 
all or just perceptible (e.g., so-called miliary tubercle and cancer), to that of 
a cherry, egg, the fist, and larger. Many become colossal in volume, and 
weigh as much as 50 kilo. 

The form of new-formations is likewise variable, and depends partly upon 
the place of development, partly upon unknown conditions. Diffuse hyper¬ 
trophies have in general the form of the mother-organ. Tumors are oftenest 
round, roundish, more rarely irregular; otherwise flat, smooth, or globular. 
They are connected by their whole circumference with the mother-organ, 
or only at one point (so-called peduncular, polypoid tumors): these have 
their origin especially in proportionately narrow spaces, with indentations. 
The surface of new-formations is smooth, or uneven, or lobed. New-for¬ 
mations occurring on the surface of the skin, mucous, serous, and synovial 
membranes, have been for the most part named: circumscribed or partial 
hypertrophies, or flat or insular swellings in their lower grades, polypous 
swellings, polypus, fungus in their higher grades; in many special cases 
also dendritic growth. 

The consistence of new-formations depends essentially upon structure 
and metamorphosis, and presents every imaginable degree. 

The elements of hypertrophies and new-formations are, on the whole, the 
same as those of normal tissues. They are granules, nuclei, cells, basis 
substance of the most different kinds, especially connective tissue and 
osseous tissue, also vessels, etc. 

Pathological cells, on the whole, are like physiological cells, in their his¬ 
tological and chemical properties (size, substance, form of body of cell, cell- 
membrane, nucleus, etc.), as well as in their vital phenomena (growth, 
accretion, excretion, increase, the ability of some to change their form and 
place : fixed or immovable cells as connective-tissue cells, epithelial celD, 
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gland-cells, etc., or wandering, amoeboid cells, so-called leucocytes, as color¬ 
less blood-corpuscles, wandering cells of connective tissue); these peculiar¬ 
ities occur collectively within the widest limits. Besides the cells proper, 
there are often found at the same time, so-called protoblasts (primitive 
germs, cytoblasts, cell-germs, germ-cells), i.e ., bodies which consist of a 
nucleus surrounded by a viscous or mucous, bright or granular substance 
(protoplasm), which is sometimes thickened peripherically, but membrane¬ 
less : these are identical with white blood-corpuscles, lymph-corpuscles, 
wandering cells, cells of medulla, lymphoid corpuscles. Bodies also are 
not infrequently found, which consist of a nucleus and of a cortical sub¬ 
stance surrounding it only at points. Finally, there are true free nuclei. 
The nucleus is the most important element as well of cells proper, as of 
protoblasts: it regulates the function of the cell (the appropriation and 
excretion of nutritive material, the metamorphosis of cell-contents, etc.), 
and is most essentially concerned with the increase of cells. 

There is constantly found between the cells a more or less abundant, 
fluid or solid intercellular substance, which in the first case is probably 
analogous to the so-called tissue-cement, and is mostly colored black by 
nitrate of silver. 

On the unessential nature of the cell-membrane consult especially Scuultze {Mull. 
Arch., 1861, p. 1) and Brucke ( Sitzungsber. cl. Wien. Acad., XLIV., p. 381: Ele- 
mentarorganmnen"). Beale divides the elementary parts of a tissue into a living 
or germ-substance (germinal matter, Sciiultze’s protojdasm), and a lifeless or 
formed substance (formed matter). The former is colored red by an ammoniacal 
solution of carmine ; the latter remains uncolored. The former grows, is active and 
is the seat of changes; the latter proceeds from the germ-substance, but is passive 
and cannot grow ; it is external to the former and becomes thicker from deposits of 
new material on its internal surface. According to Schweigger-Seioel {Arb. arts, 
d. phys. Amt. zu Leipzig., 1870, IV., p. 121), all cells and their descendants consist 
of two substances : the one is the seat of physiological function, and in different 
cells possesses varying physical and chemical properties; the other is common to all 
cell-forms and is truly formative, as stroma; or appear rather as a deposition be¬ 
tween the more sharply defined morphological groupings of the first substance {e.g., 
in transversely striated muscles). Upon it depends the occurrence of myosin. 

Pathological cells are in part more easily changeable and destructible than phy¬ 
siological cells. Various changes worthy of note appear, especially after the addition 
of water. (See p. 335.) Many cells are then found uniformly or irregularly 
enlarged, clearer or more clouded, sometimes entirely destroyed. Or, the water 
entering the cell aggregates into a sharply defined, round light spot of varying size 
and presses the remaining granular cell-contents, sometimes also the nucleus to one 
side. Or, many such spots appear in the cell-contents, through the projection for¬ 
ward from the cell-membrane of round hyaline globules, which separate, swim 
away and disappear. 

The distinction, above given, between fixed and movable cells has recently been 
rendered untenable, since phenomena of motion have also been observed in epithe¬ 
lial, glandular, cancer cells, as well as in connective-tissue corpuscles. Heller (1. c.) 
has observed on the •warmed object-plate movements of the epithelium of a frog’s 
tongue on the borders of spots where tissue has been lost, Waldeyer ( Virch. Arch., 
1872, LV., p. 67) has observed the same in epithelial cells of two mammary cancers. 

The pathological presence of cells presupposes either a wandering 
of them into the locality, or a new-formation in the locality itself. 

The migration of cells, which until now has been demonstrated only 
with respect to colorless blood-corpuscles, or pus-corpuscles, belongs, 
according to many, also to some others, cells hitherto regarded as elements 
of pure new-formations, as those of cicatricial tissue, tissue of pseudo-mem¬ 
branes, of hyperplastic connective tissue especially, perhaps also those of 
new-formed muscles and nerves. 
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Since the discovery of the migration of colorless blood-corpuscles (see p. 152), 
those new-formations, which at first consist of small, round cells not to be distin¬ 
guished from the blood-corpuscles named, are no longer to be regarded as products 
of epithelial cells, or of false epithelium, or of connective-tissue corpuscles, but in 
all doubtful cases it must be inquired into, whether these also are migrated blood- 
corpuscles. In the human living and dead body we have heretofore employed for 
this distinction only negative means ; the demonstration of younger stages of develop¬ 
ment of cells from epithelium or from connective-tissue cells, etc., is opposed to 
their migration. So-cailed feeding of white blood-corpuscles with coloring matters 
has been employed in investigations on animals with respect to this distinction. (See 
p. 154.; Many regard the round, indifferent cells, containing the coloring matter, 
as emigrated blood-corpuscles and not as new-formed cells: RrNDFLEiscn, O. 
Webek, Khemiansky, Maslowsky, Aufkecht, and others. In this, no one goes so 
far as Billroth (Oestr. med. Jhrbb., 1809, XVIII., 4 et 5 II., p. 8). Molecules of 
coloring matter probably however enter into young cells of every kind, e.g. , epithe¬ 
lium. And since such molecules, after injection into the blood, are found not only 
in colorless blood-corpuscles, but also free in epithelium, cartilaginous tissue, etc. 
(see p. 155), conclusions drawn from such experiments are to be received with 
caution. 

New-formation of pathological cells takes place from pre-existing 
normal or pathological cells: either by division, or by endogenous cell- 
formation. The origin of the cell always precedes that of the nucleus. 
In almost all cases there is a simultaneous increase of the protoplasm. 

Cell-division affects the cell in toto, i.e ., all the parts of it (membrane, 
contents, nucleus and nucleolus). It takes place for the most part in the 
long, rarely in the transverse axis of the cell. By division there ai'e at 
first usually only two cells formed, rarely three or more, at the same 
time: they are for the most part smaller than the original cell. The 
division itself affects first the nucleolus, then the nucleus, which become 
elongated, and then constricted in the middle and divided; the protoplasm 
at the same time increases in quantity. After complete division of the 
nucleus, the cell at first shows a depression at one point, which then con¬ 
tinues around the cell and finally divides it, so that two (or even three or 
more) cells are formed with nucleus. Division of cells, and especially that 
of the nucleus, is accomplished quickly, within a few seconds, so far as 
observations have demonstrated this in living cells and on the warmed 
object-plate. It not infrequently retrogrades, after it has already pro¬ 
gressed very far. It is rarely observed in epithelial cells. 

Klein {Med. Ctrlbl., 1870, No. 2) observed division of the colorless blood-corpuscles 
of the triton, as well as of the frog, from cleaving of a previously formed connecting 
filament, as well as by constriction. In man he observed only the latter. The 
corpuscles of triton’s blood may divide more than once. Hoffmann agrees with 
these views. 

Stiiicker describes a third form of division in wandering cells of the tongue and 
cornea of the frog ( Studien ., 18G9, I., Cap. II.). 

Budding, so-called, is a variety of cell-increase by division. After single 
or manifold division of the nucleus, one or many nuclei advance to the 
periphery of the cell. The latter protrudes at these points like buds, and 
at the same time a nucleus enters each bud. Finally the bud separates 
and becomes a free nuclear cell. 

Consult also Lang ( Virch. Arch., 1872, LIV., p. 85). 

Endogenous cell-formation (endogenous cell-division) consists in this: 
the nucleus, after previous division of the nucleolus, divides into two, 
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rarely into many, nuclei. With the simultaneous enlargement of the cell 
the new-foruietl nuclei divide, etc., so that, finally, a cell is formed with 
4, 8 and more nuclei. 

The cells, in a series of cases, remain unchanged : so-called mother-cells 
with daughter-cells— giant-cells, myeloplaxes. This process is found 
especially often in cells without a proper cell-membrane. Then there arise 
for the most part finely granular masses of varying size, even maeroscopi- 
cal, round or rounded or provided with numerous processes, according to 
the density of the surrounding tissue, and containing, the majority of 
them, 10, 20, 50 and moi'e peripherically placed nuclei. They occur 
physiologically in bone-marrow, pathologically in the tissue of granula¬ 
tions, in tumors of every kind, especially in sarcoma and tubercle. The 
giant-cells of bone-tissue, which in later years have been often investi¬ 
gated, are, according to many, metamorphosed osteoblasts, and organs 
which dissolve bone-tissue and teeth (osteoclasts). What significance they 
possess in the above mentioned new-formations, it is not yet clear: in 
many they are found only occasionally, as in granulations, while in many 
sarcomata and in all true tubercle their occurrence is constant. 

In one other series of cases the nuclei, in endogenous cell-formations, 
become in the interior of the cells—probably by a kind of wrinkling of 
the cell-contents—cells: so-called mother-cells with daughter-cells, or 
mother-cells with daughter-cells and daughter - nuclei. Finally, the 
daughter-nuclei like the daughter-cells, by a rupture of the membrane of 
the mother-cell, become free, and the original or mother-cell is destroyed. 

The physiological importance of the above-mentioned formations was first 
made known by Kolliker ( War zb. Verb. , V., 2, March, 1872). Where bones and 
teeth depend upon a resorption in the normal course of development, they always 
show a finely pitted surface (so-called Howship’s lacunas). In each pit, and corre¬ 
sponding in form and size, there is, for the most part, a giant-cell ; sometimes a 
single giant-cell fills two pits; or larger pits contain many giant-cells. The giant- 
cells arise by a transformation of the cells of bone tissue (the osteoblasts), and are 
the organs, which dissolve the bone-tissue and teeth: osteoclasts, ( Knochen - 
breclier) or osteophagi. In the interior of bones there are found lacunas of resorp¬ 
tion with osteoclasts: closely following the borders of ossification of ossifying car¬ 
tilage ; in the walls of all large medullary spaces of developing bones, etc. In the 
external surface : on the dental furrow of embryonal jaws; at many points of bones 
bounding the cranial cavity; etc. Osteoclasts are found also in the resorption-sur¬ 
faces of the dentine of deciduous teeth, as well as in ivory pegs, which had been 
driven into living bone. They belong to the same category of elements as osteo¬ 
blasts. Transitions are found between both forms of cells: osteoclasts at first 
isolated, then always more numerous between the osteoblasts may be directly 
observed; if the surfaces of resorption of bones again become surfaces of growth, 
osteoblasts succeed the osteoclasts, whence K. concludes to a transformation of the 
latter by division into osteoblasts. The resorption of bone and teeth is not preceded 
by a solution of the lime salts, as in osteo-malacia: inorganic and organic bases 
disappear simultaneously. Likewise there is observed a crumbling of hard struc¬ 
tures before their solution; the disappearing portions of bones always have sharp 
smooth walls, etc. 

According to Wegner (Berl. med. Ges. Sitsg., V. 20, March, 1872; Virch. Arch., 
1872, LVI., p. 528), when bones disappear in a normal or pathological manner, then 
there arises in the vessels of the neighboring tissue, dura mater, periosteum, medul¬ 
lary tissue, etc., a growth of the cellular elements of their walls; the products of 
growth, poly-nuclear cells, are pressed against the part in the form of thick 
bodies or very thin plates, are slowly buried in more or less deep pits, lacunae, of the 
bones, whilst they by the pressure of growth induce resorption. If the surfaces 
disappear, they then grow in a lateral direction to the surface, meet, unite by oppo¬ 
site processes into net-works, form trabeculated membranes with all transitions to a 
continuous membranous layer of a finely granular substance with innumerable 
nuclei. Now the affected thin bone-surface has disappeared: myeloplaxes are 
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developed into vessels, or into fibrous tissue, or perhaps into medullary cells. If 
the process continues, the same events occur in the vessels now lying superficial to 
the bones, and so layer after layer enters into insensible resorption. 

Consult also the earlier investigations of Bredichin {Med. Ctrlbl ., 1867, No. 36) 
and Rindfleisch ( Lehrb ., 1873, p. 550 et seq.). 

The pathological importance of giant-cells has not yet been generally established. 
They are formed sometimes in so small numbers and so inconstantly, that they do 
not change the character of the new-formed tissue: as in the granulation-tissue of 
various parts. Sometimes they occur constantly and determine alone or especially 
the character of the new-formation: as in many sarcomata and in tubercle. 

Langiians ( Virch. Arch., LI., p. 66) has observed contractility and motility in 
giant-cells. 

Rindfleisch {Virch. Arch., XXIII., p. 519), in opposition to the usual view that 
increase of cell-nuclei is a progressive metamorphosis, holds that it is conditionally 
a step toward destruction of cells. R. could, e.g., by arresting the pulmonary 
respiration of a frog by a ligature and its cutaneous respiration by immersion in 
water, transform the well-known uni-nuclear colorless blood-corpuscles into cells 
resembling pus-corpuscles. 

If endogenous formation takes place in cells with double membrane, an external, 
the capsule, and an internal, the so-called primordial sac, and in cartilage-cells, the 
external membrane remains unchanged, while the primordial sac is divided once or 
many times: the cells resulting from this division show sometimes only a single 
envelope, corresponding to the primordial sac, sometimes the latter secretes later 
still another external membrane or capsule, while the capsules of the mother-cells 
gradually blend with the intermediate substance. 


Sometimes the nucleus within the cell divides not singly, but at the 
same time pushes out many bud-like formations, which are finally con¬ 
stricted and further develop in the cell-contents as free nuclei. 

As CELL-FORMATION IN NUCLEUS-BEARING FROTOPLASM, RINDFLEISCH (1. C., 
1871, p. 55) designates that form, where free nuclei apparently are imbedded in a 
homogeneous substance, but where by reagents there is made to appear a differentia¬ 
tion of the protoplasm, so that each nucleus belongs to a small round cell. This is 
the case in granulation-tissue, in many sarcomata and cancers. This is not true of 
giant-cells. 

Endogenous free cell-formation consists in this, that one or many 
nuclei are formed, independently of the cell-nucleus, out of the cell-contents 
in a manner not yet fully known, by means of a kind of partial furrowing, 
which nuclei afterwards become cells and then abandon the mother-cells. 
Cells new-formed in this manner are always mucus or pus-corpuscles. 
Many regard this manner of cell-genesis as not proven: free and endo¬ 
genously formed cells are according to them migrated cells. (See p. 248.) 

According to Bizzozero ( Gnz. med. Ital., 1871, p. 62), the large forms occurring 
on epithelial surfaces, which forms contain besides a nucleus, as many as twenty 
forms similar to pus-corpuscles, so that the latter taken up by the former, are swal¬ 
lowed up ( verschlungen ). 

Most cells are capable of increase. The movable and fixed corpuscles 
in connective tissue of every kind, especially also the adventitia of vessels 
are most often the points of departure of pathological new-formations, also 
young bone-corpuscles and cartilage-cells, also epithelial and glandular cells 
(epithelial cells only in their youngest layers); perhaps (seep. 250) also 
colorless blood-corpuscles. The same capacity is possessed also, but more 
rarely, by the endothelial cell of the bloodvessels, and especially by those 
of the lymphatics, also the nuclei of the capillaries, those of the neuril¬ 
emma, sarcolemma, and the nuclei of organic muscle-fibres. 
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Concerning the share which the elements of the walls of the bloodvessels take in 
new-formations, see Yirciiow, Arch ., XIV., p. 1.— Weber, lb., XXIX., p. 84.— Sick, 
lb ., XXXI., p. 265.— Arndt, lb., LI., p. 495. 

! 

The uppermost cells of the skin and most mucous membranes, common 
bone-corpuscles, according to many also the endothelium of serous mem¬ 
branes and vessels, as well as all more greatly degenerated cells, have lost the 
capacity of increase. Likewise little lias been demonstrated with certainty 
respecting the part taken in cell-formation, of the so-complicated nerve- 
cells of the ganglia, brain and spinal cord. 


It in del El sc 11 ( Lehrb ., 1 Aufl., p. 221) has taken the view respecting the epithe¬ 
lium of serous membranes, that malignant new-formations proceed directly from it. 
Consult also Recklinghausen on the epithelium of lymph-vessels ( Graefe's Arch, 
f. Ophthalm ., 1864, XII., H. 2, p. 62 ; Sitz.-Ber. <1. Wurzb. ph.-med. Oes., 1865-66.— 
Koester ( Virch. Arch., XL., p. 468). According to Meynert, processes of division 
of the bodies of the cortical substance of the brain in febrile diseases (typhoid 
fever, acute tuberculosis). Likewise according to Tigges {AUg. Ztschr. f. Psych., 
XX.). 

The youngest new-formed cells are commonly small, round, have for the 
most part no proper membrane, but a distinct nucleus and nucleolus. In 
this state they show no further peculiarities from which their later form, 
size, arrangement, etc., can be determined or conjectured: i.e., those young¬ 
est cells, so-called formation-cells, or primordial cells, or granulation-cells, 
are to be differentiated in the course of their development like the tissues 
of the embryo; they may become connective-tissue corpuscles, bone-corpus¬ 
cles, muscle-fibres, etc., or also cancer-cells, sarcoma-cells, etc., and, accord¬ 
ing to many, also true epithelium; they may secrete an intercellular sub¬ 
stance, which remains always liquid, or later becomes solid, remains homo¬ 
geneous, or becomes fibrous, etc. 

The cells which arise from various tissues usually give rise to definite 
new-formations : especially true is this of true epithelium, from which 
only epithelial formations arise (epithelium of regeneration, glandular 
new-formations, epithelial cancers); from connective tissue is developed 
a connective tissue, poor or rich in cells (cicatricial tissue—fibroma, 
sarcoma, endothelial and connective-tissue cancer, etc.); vessels arise 
from vessels, etc. Only a number of less characteristic new-formations, 
especially those formed of nuclei and small cells, may be formed from dif¬ 
ferent tissues, with the exception of true epithelial tissue: thus probably 
lymphomata, connective-tissue cancers, etc. (Concerning pus-corpuscles, 
see p. 247.) 

Most probably the laws of normal development, which belong to the cells of the 
three germinal layers and their derivatives, also operate when these cells become sub¬ 
ject, in a pathological manner, to formative irritation. Accordingly all pathological 
epithelial formations are descendants from the cutaneous and glandular layers ; all 
connective tissue, osseous, vascular, etc., formations arise from the middle blastoder¬ 
mic layer. Genetic mixing of the different cell-forms probably no longer takes place 
after completion of the separation of the cells in the blastodermic membranes. The 
endothelium of blood- and lymphatic vessels, of serous membranes, lymph-glands, 
etc., may again produce endothelium, and probably also connective tissue. Accord¬ 
ing to many, pus-corpuscles may have their origin in the tissues and organs of all 
three blastodermic layers. ( Vide infra .) 

The transformations of one tissue into another, histologically and 
chemically different, belong properly to the metamorphoses, but may with 
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propriety be treated of here. These transformations of tissues have many- 
physiological types: thus the transformation of mucous tissue into fatty 
tissue, that of bone and cartilaginous tissue into connective, or medullary 
and bone-tissue, etc. 

Such tissue-metamorphoses occur pathologically, in part in epithelial 
forms, for the most part by the transformation of epithelium of a more or 
less cylindrical form into pavement epithelium. In part they are found in 
tissues belonging, in the broadest sense of the word, to connective tissue. 
Common connective-tissue cells may be transformed into those of mucous, 
cartilage-, bone-tissue, fat-cells, etc.; common basis substance into mucous, 
cartilage-, bone-, etc., substance, sometimes with little, sometimes very 
great difference of chemical composition. A transformation of a connective- 
tissue substance into a true epithelial one, or vice versd, the latter into the 
former, has not with certainty been observed. 

The growth of hypertrophies and tumors is the same in general as that 
of normal tissues. It takes place sometimes from the beginning with toler¬ 
able uniformity; sometimes it is irregular, even periodical, and for the 
most part without known cause, rarely dependent upon menstruation, preg¬ 
nancy, local irritations, general diseases, etc. But in particular, growth 
is different, according as the new-formations are circumscribed, are diffuse. 
The former are, with few exceptions, confined to the uterus, while many of 
the latter may affect promiscuously almost all tissues. 

Circumscribed tumors grow by enlargement or increase of their elements; 
the neighboring parts have no share in the growth, but become simply 
separated from one another: so-called concentric growth. Diffuse or 
infiltrated new-formations grow partly in the same manner; but especially 
by the change of layer after layer of the neighboring tissues, in the same 
manner as at the beginning: excentric or peripheric growth. Some- 
times these new-formations, especially tubercle and cancer, develop as new 
tumors (daughter-tumors) about the first tumor (mother-tumor), which new 
tumors gradually unite with the former and with one another. 

All malignant tumors, those really and those apparently circumscribed, as especially 
the diffuse, so grow, according to VIRCHOW, that the first tumor, the “ mother-tumor,” 
reaches only a small size and afterward ceases to grow. In the meantime, however, 
new tumors, 4 * daughter-tumors,” are formed in its neighborhood, which finally be¬ 
come so large that they come in contact with one another and coalesce with one 
another and the principal mass. Between them in the periphery new tumors are 
formed, etc., the daughter-tumors are, according to V., formed by the spreading of 
an infectious matter, a miasm from the place of the first formation, and indeed by 
direct imbibition, simple endosmosis, into the neighborhood. 

The progress of growth in true and false hypertrophies in general is slow. 
In tumors it varies greatlv. 

The laws of the circulation and nutrition of hypertrophies and 
tumors are the same as those of normal parts of the body: therefore not 
only all the disturbances of circulation (especially anaemia, hyperaemia, and 
haemorrhage), but also inflammation and gangrene, as well as almost all 
disturbances of nutrition (especially simple atrophy, fatty and mucous meta¬ 
morphosis), and on account of the (for the most part) irregular distribution 
of vessels, etc., occur comparatively often. All these disturbances of nutri¬ 
tion have an influence with respect to the new-formation itself, often also 
with respect to the whole organism, since they change the former, even 
inducing decay, and may exercise upon the latter an influence sometimes 
beneficial, sometimes injurious. 
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The most important events of hypertrophies and tumors are therefore: 

Unchanged existence (many congenital tumors of the skin, many lipo- 
mata and fibromata may remain unchanged for years and tens of years). 

Progressive growth, until surgical or medical assistance becomes effective, 
or death appears. 

Disturbances of the circulation, of every kind. 

Atrophy and degeneration of almost every kind, especially simple atrophy 
and fatty metamorphosis, especially important in hypertrophic striated and 
smooth muscles; regularly in tubercles (so-called yellow tubercle) ; not 
rarely in cancers, etc. 

Gangrene, mostly dry, very rarely with complete elimination. 

Spontaneous retrograde formation : many warts and corns, also pointed 
and broad condylomata; to a certain degree, almost all cicatrices, bone- 
callus, almost all syphilomata, many cysts, sarcomata, and carcinomata; 
general increase of fat in old age. 

Transformation of a hypertrophy or new-formation into another new- 
formation, especially homoeoplastic into heteroplastic formations, so-called 
degeneration: formation of cancer in cicatrices of every kind, in almost 
all hypertrophies, and in many tumors; sarcomatous formation in fibroma; 
sarcomatous and cancerous formation in mother-marks, etc. These trans¬ 
formations or degenerations occur sometimes without a known cause, some¬ 
times they are consequences of mechanical or chemical irritations, to which 
the new-formation is subjected. Among these latter, as affecting external 
new-formations, are included therapeutic measures of every kind, especially 
puncture and extirpation. 

Differing from this are the so-called compound or mixed tumors, i.e., those 
nevv-formations which from the beginning consist of two or more tissues, which 
usually occur alone. 

After spontaneous, therapeutic, and especially surgical removal (ex¬ 
tirpation, etc.), the parts affected remain either free from the new-formation, 
or the latter returns in the cicatrix or in the neighboring tissues: so-called 
relapse. The latter is rarely found in encapsuled, hard tumors poor in 
cells, which have been entirely removed; but, on the other hand, it fre¬ 
quently occurs in tumors infiltrated and rich in cells, especially the sarco¬ 
mata and cancers. Local relapse has its foundation only in incomplete 
removal, or in the leaving behind tumors which are perfect or have just 
begun their growth. 

TniERSCn distinguishes the continual, the regionaiy, and the infectious relapse : 
the first appears after incomplete extirpation ; the second, when the same anatomi¬ 
cal changes, which preceded the disease in the original site, occur later also in its 
neighborhood; the third arises from the penetration of infecting elements into the 
circulation. According to Billroth ( Wien. Wochenschr. , 1867, No. 72), regionary 
relapses are perhaps dependent upon inoculation of the elements of tumors into the 
borders of the wound by the knife of the operator. 

The general symptoms of hypertrophies and tumors vary. 

Hypertrophy shows a general increase of volume (and increase of weight) 
of the affected part. It exists in solid organs as merely so-called hypertro¬ 
phy, with retention of the normal form or with the production of greater 
plumpness (e.g., hypertrophic muscles, hypertrophic bones, so-called splenic 
tumor). In hollow organs it appears as hypertrophy of different kinds: 
e.g., in the heart as simple, excentric, and concentric hypertrophy, in the 
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uterus as so-called infarction, here, as in the stomach, intestine, urinary 
bladder, mostly with dilatation, more rarely with contraction of the cavity. 
All true hypertrophies are accompanied mostly by an increased function, 
which is for the most part easily to be seen in non-muscular organs of every 
kind, and is of the greatest importance, while in glandular organs it cannot 
usually be positively demonstrated. 

Tumors are sometimes from beginning to end sharply circumscribed; 
sometimes they gradually become diffuse; sometimes they are from their 
earliest appearance diffuse, and in the latter case they pass without distinc¬ 
tion into almost all tissues (so-called growing malignant tumors). They 
grow sometimes slowly (especially the so-called homceoplastic tumors, poor in 
cells), sometimes remai’kably quick (many sarcomata, soft cancers), and in 
both cases for the most part irregularly and excentrically. Tumors growing 
on free surfaces or in cavities not infrequently soften and break up: the 
latter takes place sometimes from without inward (in cousequence of too 
great tension of the skin or mucous membrane), sometimes from within 
outward (in consequence of previous central softening of the tumor and of 
the skin or mucous membrane, transformed into their tissue). 

The influence of hypertrophies and tumors is first on the mother-organ, 
then on the neighboring parts, and finally on the whole organism. 

The influence on the mother-organ consists in its enlargement, mostly 
with increase of function in true hypertrophies (external muscles, heart, 
bladder, etc.); in destruction of the affected parts by substitution from 
infiltrations, by compression by tumor-shaped new-formations, in contrac¬ 
tions by new-formations in cavities and canals, etc. 

The influence on neighboring parts consists especially in pressure upon 
them, with all its consequences, lessening their motility, giving rise to dis¬ 
turbances of the circulation, etc. 

The resistance of various tissues to new-formations is dependent partly 
upon the kind of tissue, partly upon whether the new-formation is an hypertro¬ 
phy or a heteroplasia in form of an infiltration or tumor. In hypertrophies 
the original parts of tissues exist wholly or in part unchanged. Infiltrated 
heteroplastic new-formations destroy normal structure in general more 
quickly and thoroughly, especially on account of the obstructed flow of 
blood and blastema, while circumscribed tumors are followed for the most 
part only by a compression of various grades. 


The following general propositions apply to the tissues. Common connective 
tissue is preserved for the most part a long time, but is usually less waving and less 
fibrous, but more rigid and homogeneous, its corpuscles become smaller or disappear 
altogether; or it is destroyed by a kind of softening. Bone-tissue suffers either a 
wasting, or becomes necrotic, or loses its lime-salts, while its fibrous basis substance 
remains. Cartilage resists new-formations comparatively long; various changes of 
the basis substance and cells, even necrosis, appears for the most part only after 
great compression or complete infiltration of the perichondrium. Elastic tissue, 
and especially the tissues consisting of it (many ligaments, middle coat of the larger 
arteries, lung-tissue), show the greatest resistance to neoplasms. Vessels vary in 
their behavior with new formations, according to their structure and function: often 
they are destroyed (tubercle), while at other times they are related to the nutrition of 
the new-formation. Arteries stubbornly resist tumors of every kind ; veins are attacked 
by new-formations much more easilj% first and most readily in the adventitia, latest in 
the intima, if they are not compressed by them. Lymphatic -vessels are sometimes 
compressed by the new-formation, sometimes the latter attacks them. Muscular and 
NERVOUS tissues, for the most part, with the exception of peripheral nerves long ex¬ 
empt, as well as cellular forms (epidermis, mucous membranes, glands), are usually 
quickly destroyed. 
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Tho influence on the whole organism varies greatly not only with the 
different forms of, but also with the same hypertrophy, and with difficulty 
admits of a general representation. In some cases it is favorable : this is 
true especially of regenerations of some tissues and of many hypertrophies, 
especially of muscular organs. At other times, hypertrophies and tumors 
are entirely without influence: this is true especially of small encapsuled 
formations in organs less essential to life or in some parts of other organs. 
Tumors so-called, for the most part exercise an unfavorable influence on the 
whole organism. This depends, excepting in the case of the affection al¬ 
ready referred to of the womb and neighboring parts, upon the number and 
size, but especially upon the structure and metamorphoses of the tumors. 

Some true and numerical hypertrophies are of beneficial influence on the whole 
organism, since they are followed by a compensating disappearance of other disturb¬ 
ances : thus hypertrophies of the heart in so-called cardiac insufficiency, those of 
organic muscle-fibre above contracted points, those of one kidney in atrophy of the 
other, etc. The, until then, not infrequent latent symptoms of the original affection 
appear at the time when the hypertrophic tissue or organ suffers disturbances of 
nutrition. 

With respect to structure, new-formations, especially tumors proper, are indifferent 
proportionately to their approach in their gross and finer structure to the noi'mal tissues 
of the body, their hardness, vascularity and cell-contents, and the distinctness of their 
encapsulation. On the other hand, they are important in proportion to the opposite 
conditions, especially if they are rich in cells, and are more connected with the original 
tissues. 

Metamorphoses of hypertrophies are of harmful influence in those which act com- 
pensatorily (most new-formations of muscles, etc.). In tumors they are sometimes 
' advantageous, since they prevent farther growth (calcification, etc.), or cause them to 
disappear, perhaps even to be completely absorbed (fatty degeneration, etc.), or at 
least are followed by exhaustion of their infectious properties (mucous metamorphosis); 
sometimes they are detrimental, as many softenings, gangrene, etc. 

New-formations, especially tumors, occur, as already said, sometimes 
singly, sometimes even in great numbers. In the latter case, the tumor 
affects either one and the same organ (e.g., myoma of the uterus, cancers of 
the liver or lungs); or similar organs ( e.g ., exostoses of different bone, sar¬ 
comata of the lymphatics of different parts); or it is seated in different 
organs. In the latter, not infrequently also in the former case many or 
multiple new-formations rarely have about the same constitution (many cases 
of common chronic cancer and the cases of acute cancer). Tumors are com¬ 
monly' found in different organs, especially cancers in a varying condition 
dependent upon the length of their existence. Those new-formations which 
are first noticed by the person affected, or which show the most marked 
changes, which also not infrequently have the greatest volume, are called 
primary tumors. New-formations of other neighboring organs in contin¬ 
uous connection therewith are called progressive. All other, and for the 
most part smaller and young tumors, are called secondary, or metastatic. 
These secondary new-formations are located either in the same organ and 
tissue near the primary or separated from them. Or, they' are located in 
the corresponding lymph-glands (e.g., in the mesenteric glands in tubercu¬ 
losis of the intestines, in the axillaiy glands in mammary cancer). Or, they' 
are located in the tissues and organs connected with the organ of the pri¬ 
mary new-formation: e.g ., in the intestinal serous membrane in tubercu¬ 
losis of the mucous membrane, in the pleura in mammary cancer, in the 
liver in cancer of the stomach and intestines, in the bronchial glands, pleura, 
and air-passages, not infrequently also the liver, etc., in many cases of pul¬ 
monary tuberculosis. Or, finally, they are located in organs which stand 


METASTATIC NEW-FORMATIONS. 


866 


in no relation to the organ of the primary new-fonnation: e.g., in the kid¬ 
neys in cancer of the stomach, in the jugular glands in cancer of the uterus. 
The number of the secondary new-formations is sometimes very small, some¬ 
times extraordinarily great. 

The origin of secondary or metastatic new-formations has been explained 
in various ways. In all cases the primary tumor forms the centre of infec¬ 
tion, the secondary tumors are the secondary affections arising therefrom 
by displacement. In serous membranes where, e.g., besides a primary 
cancer reaching into the serosa, secondary cancers in varying number may 
be separated and carried away into other parts and there undergo farther 
development: this has been more often observed in the peritoneum, more 
rarely in the pleura. In all other cases the origin of secondary tumors takes 
place through the blood- and lympli-channel. Here there are again found 
two possibilities. According to the one view, liquid (without corpuscular 
elements) travels from the primary new-formatiou within the fissures of 
tissues or through the lymph or bloodvessels into the circulation, infects 
the tissues in the parts affected and induces in them like new-formations. 
This mode of origin is not to be directly observed; although many micro¬ 
scopical forms can hardly be otherwise explained. The other view is pre¬ 
ferable, that from the primary new-formation corpuscular elements, 
especially cells, still capable of life and propagation, enter the blood- or 
lymph-vessels or both, and in the blood- or lymph-current act like emboli, 
and then become fixed in the capillaries (lymph-glands—liver, lungs), or 
into the blood-capillaries of other organs and tissues, and here either in¬ 
crease, or the adjacent cells give rise to like new-formations. Both views 
are sustained by the frequency of secondary new-formations in those organs 
in which the vessels of the primary new-formation are first of all received 
(lymph-glands—liver, lungs). The second view is supported by the fact 
that new-formations rich in cells (enchondromata, sarcomata, carcinomata) 
not infrequently break through the wall of the lymphatic vessels and veins 
into them, and here, in the blood- as well as in the lymph-current, they 
continue to spread. Also by the circumstance, that not only large (visible to 
the naked eye), but also microscopical tumor-masses have been found, like 
embolic thrombi in the vessels of lymph-glands, in the vena porta; and 
pulmonary artery ; also the peculiar structure of many secondary can¬ 
cers of the lymph-glands, agreeing entirely with that of primary cancers; 
finally, the analogy with secondary or metastatic abscesses of the same 
organs. 

Consult Virchow, Ges. Abh., 1856, pp. 350 et 551; Die krankh. Geschw., 1863, 
I., p. 33. —O. Weber, Virch. Arch., 1866, XXXV., p. 501.— Lucre, lb., p. 524.— 
Hirschfeld, Arch. d. lleilk., 1860, X., p. 537.— Laveran, Gaz. hebd., VI., No. 33. 
—Feltz, Tr. clia. et exper. des cmbolies capill., 1870. —Acker, D. Arch. f. Min. Med., 
1872, XI., p. 173. In a case reported by Acker there was found a probable migra¬ 
tion of cancer-cells out of the bloodvessels into the alveolar spaces and interstitial 
tissue of the lungs. Farther special evidence bearing upon this will be furnished dur¬ 
ing the consideration of the new-formations in question. 

Whether the cells carried away with the blood- or lymph-current develop further, 
or whether they act only as bearers of specific new-formations and serve to create in 
the adjacent elements the same new-formation (so-called metabolic effect), has 
not heretofore been demonstrated by observation. Thiersch and Wai.deyer defend 
the former for secondary epithelial cancers, while Virchow, 0. Weber, Lucre, 
Klebs, and others, assume the latter. 

Secondary new-formations may finally arise immediately through the lymphatic 
vessels, as well as through the excretory gland-ducts. The former is possible in 
serous membranes, at least in the pleura, where an immediate transfer, e.g., of the 
cancer-cells of the pulmonary pleura upon the costal pleura has nothing histologically 
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to oppose it. The latter can occur on the skin and many mucous membranes, where, 
as in cancer, sometimes the part in contact becomes affected : it would then have an 
analogy in other forms, e.g. , syphilitic diseases of the skin. 

Some new-formations, especially cancers and tubercle, those of organs 
essential to life, or of many organs simultaneously, are in many cases fol¬ 
lowed by CACHEXIA or DYSCRASIA, especially after a long duration and 
beginning destruction. This is characterized by the usual phenomena of 
general chronic anaemia, sometimes rather by those of that which depends 
upon losses of blood and the humors, sometimes that which is dependent 
upon a want of nutrition (anaemia of inanition). 

The causes of these cachexhe lie most often in the diminished or arrested 
function of organs essential to life (cancers of the oesophagus, stomach, intes¬ 
tines, tuberculosis of the last) ; in pain, loss of sleep, etc., and resulting 
insufficient nutrition, etc. ; in the absorption of the elements of the new- 
formation into the humors, and consecutive disturbances of organs or of 
the whole organism; in the absorption of septic products from out of de¬ 
caying new formations; in haemorrhages; in other forms of disease conse¬ 
cutive upon the new-formationsj etc. 

An acute cachexia with a, for the most part, high, more or less typical 
fever, occurs in some acute lymphoid, especially typhous, new-formations. 

The causes of hypertrophies and tumors are partly predisposing, partly 
exciting. 

The predisposing causes are : 

1. Inheritance: shown especially in the adipose state, tuberculosis, 
syphiloma, cancel', also in many tumors of connective tissue, cartilage and 
bone, in warts and cysts. By hereditary transmission new-formations either 
are present at the time of birth (especially many mevi, multiple tumors of 
the skin), or they are developed only in the later years of life (obesity, 
tubercle, cancer). 

2. Age : in general, new-formations, especially tumors proper, are 
frequent at the age of thirty, still more frequent at fifty. Hypertrophy of 
the brain, so-called, occurs most often at the age of dentition, hypertrophy 
of the mammary glands at the time of the development of puberty; many 
new-formations, especially many of quick growth, occur almost only in youth 
(teleangiectasia?, enchondroma, medullary cancer), others in the middle 
years of life (fibroma, cysts), others in aged individuals (epithelial cancer), 
many occur in every age (tubercle, syphiloma, cancer). There are congeni¬ 
tal tumors, connected with fcetal development as well as with extra- 
uterine growth, which proceed from foetal elements : so-called colloid tumors 
of the clivus, cysts of the broad ligament, etc., exostoses and enchondromata 
near to or on the epipliysal cartilages. 

Friedreich ( Vvrch. Arch ., XXXVI., p. 4fi5) found primary cancer of the liver of 
a woman thirty-seven years old and at the end of pregnancy, very numerous secon¬ 
dary cancers, etc., of the mamma, uterus, thyroid gland, and in a foetus prematurely 
delivered by some weeks, and which died on the sixth day, a cancerous swelling in 
the skin and subcutaneous tissue over the left patella. 

3. Sex : new-formations, on the whole, are of more frequent occurrence 
in men than in women; many are more frequent in men (epithelial cancer), 
others in women (lipoma, fibroma, cysts). 

Moulting is not accomplished in birds which have been castrated. Likewise young 
stags, deprived of their genitals, do not have new horns; older stags cease to change 
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them. Male castrates, whose testicles have been removed before puberty, develop no 
beard, only a few pudendal hairs, thicker hairs on the bead ; on the other hand, after 
castration after puberty the beard remains, but thinner, to old age. 

4. Epidemic and endemic conditions are sometimes of undoubted influ¬ 
ence : hypertrophy of the thyroid gland, lymph-glands, tuberculosis, perhaps 
also cancer. 

5. Special disposition of some organs and localities, so-called local 
predilection : tuberculosis of certain organs and parts of organs (apices of 
the lungs, ileum, posterior surface of the larynx, etc.), likewise cancer 
(lower lip, uterus, vagina, mamma, pylorus of the stomach, etc.), syphilitic 
new-formations, especially in parts of the periosteum and osseous tissue 
exposed to mechanical, and perhaps also thermic influences. 

The parts affected are either physiologically incompletely developed (articular ex¬ 
tremities of bones, roots of the temporary teeth—milk-glands, uterus, testicles) ; or 
they represent pathologically incomplete tissues (frequency of new-formations in 
common cicatrices of soft parts, in bone-callus, in retained testicles); or their nutri¬ 
tion is interrupted by existing diseases (frequency of polypi, warts, tubercles, osteo¬ 
phytes and exostoses in chronic inflammation of skin, mucous membrane, bone). 

6. Excessive physical and mental exertion, depressing emotions, bad 
social conditions are sometimes cau&?.s of tuberculosis and cancer. 

'7. Previous diseases, e.g., measles, typhoid fever : tuberculosis; catarrhs 
of mucous membranes : polypi. 

The exciting causes are in general all conditions which are followed by an 
increased supply of nutritive material through hyperaemia, more rarely by 
congestion of blood, or by diminished discharge of lymph. 

Increased arterial blood-supply is for the most part followed by increased nutrition. 
Donders and Snellen (1. c.), as well as O. Weber ( Med. Centr ., 1864, No. 10), 
found that during congestion appearing after section of the cervical sympathetic, 
wounds, cauterized parts, etc., healed more quickly than in healthy parts. That also 
nsevi or affections like naevus (papilloma, etc.) proceed from affections of the nerves, 
is shown by the cases recorded by Baeensprung (Ann. der Char ., 18(53, III., 2 H., 
p. 91), Gertiarot ( Jahrb . fur Kinderkrkh. , 1871, IV., p. 270), Simon (Arch, fur 
Dermnt. u. Syph., 1872, IV., p. 24), etc. JoSErn (Arch. f. Aunt. Phys. , etc., 1872, 
p. 206) obtained, on the frog, other results concerning the influence of nerves on 
nutrition and new-formation: he referred the hyperaemia after nerve-section to a 
relaxation of all the soft parts of the leg. If a cock’s spur be transplanted from 
the leg to tie comb, where it meets with a tissue much more vascular and receives 
a more abundant nutrition, it will often grow excessively (to 12 cent. : Paget). In 
large, slowly growing tumors of the extremities, the hair and nails become enormous, 
the vessels, and not infrequently also the nerves, become hypertrophic. In necrosis 
in young persons the bones of the extremities have been observed’ to become longer 
(Paget, Stanley, 0. Weber), etc. 

1. Increased function : hypertrophy of muscles of every kind, e.g., 
hypertrophy of all the muscles of the body and extremities in laborers, 
gymnasts, etc. ; of the muscles of the right extremity of smiths, etc. ; of the 
muscles of the calf of the leg of dancers, etc.; hypertrophy of the heart 
from all causes, which continuously or repeatedly increase the heart’s func¬ 
tion (abnormal dilatation of the heart, contraction of the valvular orifices, 
obstructions in the aorta or pulmonary artery) ; hypertrophy of the urinary 
bladder from obstruction to the evacuation of the urine, that of the stomach 
and intestine above constricted points, etc. 


Diminished function, especially motion, not infrequently leads to obesity. 
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2. Mechanical (pressure, etc.) and chemical irritations, especially if 
they are frequently repeated and if they are of moderate intensity : hyper 
trophies of the skin (corns, warts, condylomata, etc.), of the mucous mem¬ 
branes, bones, many glands, especially lymph-glands; formation of pus, 
granulations, cicatricial tissue; encapsuling of foreign bodies; epithelial 
cancer of the lower lip ; cancer of the tongue and oesophagus, granular liver 
in drinkers; so-called j)ost mortem tubei’des on the hands, especially on the 
dorsal surface of those of anatomists; tumors in retained testicles, in cica¬ 
trices. 

That herein the activity of cells may be independent of the vessels is shown by 
experiments on plants, and on those lower animals which consist only of cells: the 
cells as such first of all react to the irritant. Local irritation is insisted upon, by 
Virciiow especially, as essential in the origin of tumors. 

How differently the same cause acts upon different persons is shown by the so-called 
corpse-tubercle: many anatomists, and others, become sick within a few weeks 
after exposure, others remain entirely exempt. I knew a furrier, who in his stay in 
his establishment opened the bodies and renioved the organs from their cavities : after 
seven months’ labor, and forty-two autopsies, both hands were covered with numerous 
tubercles, which reached the size or many square inches; they remained unchanged 
for three years, when the man resumed his work. 

3. Vicarious function: hypertrophy of the remaining bone in extremi¬ 
ties with two bones; hypertrophy of one kidney, one testicle, after destruc¬ 
tion of the other organ; hypertrophy of lymph-glands in atrophy of the 
spleen ; etc. 

4. Poisons of disease: small-pox, gonorrhoea, syphilis, glanders, typhoid 
fever, etc. 


These poisons show at the same time, that specific poisons excite a specific cell- 
activity, which at first appears to be wholly independent cf the vessels and nerves. 

5. Transmissibility of a new-formation from man to man, as well as 
that from man to animals and vice versa , has until now been demonstrated 
only of the above-mentioned, for the most part acute and cellular new- 
formations, as well as of tubercles. Clinical and experimental proofs of 
the transmissibility of cancer are still wanting. 

The experiments of Langenbeck, Lebert, and Follin certainly are not conclu¬ 
sive. On the other hand, O. Weber ( Chir. Erf., p. 289) saw in a dog and in a cat 
a growth like medullary cancer arise after introduction of a moderate quantity of 
the same under the skin, which sustains the view of direct continuous growth of 
inoculated cells. 

All the above-mentioned predisposing and exciting causes hold good only of 
primary new-formations and tumors. That other conditions of origin of secondary 
new-formations exist, has been already mentioned. 


Many hypertrophies however, and most tumors are spontaneous, i.e.. 
we do not know the causes of their origin. 

The causes of the immunity of many tissues and organs (cartilage, 
thyroid gland, ovaries) from most, or some new-formations are wholly 

unknown. 

The nomenclature of new-formations is in part so old, that the 
original sense of the name is now entirely forgotten {e.g., in tubercle, 
cancer, sarcoma); it is in part histological (epithelioma, myoma, neuroma); 
in part letiological (syphiloma). Compound new-formations are mostly 
24 
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named from a part of their structure, that which is most prominent : e.g., 
adenoma, myoma, encliondroma. 

The classification of new-fokmations may be regarded from various 
stand points. The distinction of benign and malignant new-formations is 
practically the most important. Their classification according to their 
histological elements, their genesis, the duration of their constituents has 
not as yet been strictly made. 

The innocence and malignity of new-formations are purely clinical notions, 
not at all, or only partly pathologico-anatomical. Those new-formations are in general 
called malignant, which are almost always, at least in the earlier stages, rich in cells, 
and therefore soft and often vascular, which extend for the most part without sharp 
limits into the neighboring tissues, which usually return in the same spot after 
extirpation, and where for the most part the corresponding lymph-glands, not infre¬ 
quently also internal organs (oftenest the lungs or liver, sometimes also other organs) 
become affected in the same manner, and which, finally, by long continuance are at¬ 
tended by sympathy of the whole body (so-called dyscrasia). Danger to life does not 
depend entirely upon the malignancy of the new-formation : innocent new-forma¬ 
tions may likewise be attended with a fatal termination from compression of organs 
essential to life. 

Nothing further need be added with respect to the histological classification of 
new-formations. 

With respect to genesis, new-formations are those which are derived from the 
upper and lower germinal layers (especially epithelial new-formations), those which 
are derived from the middle layer (on the one hand vessels, on the other connective 
tissue, etc.), and those which are derived from the latter and one of the former. 

With respect to the duration of their elements, new-formations are: a. 
transitory (lymphatic new-formation, many tubercles, many cancers, etc.); b. per¬ 
manent (almost all consisting of cells and intercellular substance); c. mixed (healing 
by second intention, many cancers, etc.). 

Virchow divides tumors in general into: 1. those which are from the elements 
of the blood, extravasation and exudation tumors (blood-tumors or hannatomata; 
transudative or exudative tumors, hygromata); 2. those which consist of secreted 
matters, dilatation or retention-tumors (atheroma, mucous cysts, etc.); 3. those, 
which proceed from proliferation, proliferation tumors, pseudoplasms, growths. 

The classification followed by us, of new-formations, is chiefly a histological one, 
and, corresponding to practical needs, is at the same time {etiological and clinical. 


I. NEW-FORMATION OF CONNECTIVE TISSUE AND OF VESSELS. 

New-formations of connective tissue and of vessels almost always occur 
together, so that a separate consideration of these is admissible in only a 
few cases. 

Cruveiloter, Anat. path., 1830, Livr, XXIII., PI. 3 et 4; Livr., XXX., PI. 5.— 
Schwann, Microsc. Unters. iib. d. Uebereinst., etc., 1839.— IIenle, AUg. Anat., 
1841. — IIoffe, Virch. Arch., 1853, V., p. 170.— Jos. Meyer, Ann. d, Berl. Char.. 
1853, IV., p. 41. —Virchow, Arch., 1853. V., p. 590; VI., p. 525; XI., p.287; 
XVI., p. 1; War zb. Verh ., I.. p. 143; II., pp. 150 ct 314; Die krankh. Geschic.. 
1803, I., p. 287; III., 1 II., p. 306.— Schuii. Ztschr. d. Ges. d. Wien. Aerzte, 1853. 
p. 481. —Rokitansky, Ztschr. d. Ges. d. Wien. Aerzte. 1854, p. 256 ; Lehrb. der 
path. Anatomic, 1855.— Billroth, Virch. Arch., 1855, VIII., p. 200; Beitr., 1858, 
p. 1.— Vernecil. Gaz. med. de Paris, 1856, Nos. 5-8.— Sclun.'s Jalirb., B. 91. p. 21.— 
Heschl, Brag. Vjhrschr., 1856, XIII.— Baur, Die Entwickelung der Bindesubstanz., 
1858. — B. Sciiulz, De ortu vas. sanguiferorum , Bonn, 1860. —O. Weber, Virch. 
Arch., 1860. XIII., p. 74; XV.. p. 465; XXIX., p. 84.— L. Porta, Dell' angectasia , 
1801. —Recklinghausen, Virch. Arch., 1863, XXVIII.. p. 157. —Kithne. Unters. 
iib. d. Protopl. u. d. Contract., 1864.— Thiersch, In Pit ha u. Billroth's Chir., 1867, 
I.,2Abth., p. 529. — Kremiansky, Wien. med. Wschr., 1868, No. 1-6.— Ranvier, 
Journ. d. Vanat. et de physiol., 1868, II., p. 471. — Sciiweigger-Seidel, Arb. aus 
d. phys. Amt. zu Leipzig., 1809, p. 121.— Boll, Arch. f. micr. Anat., 1871, VIL, p. 


FORMS OF CONNECTIVE TISSUE. 


371 


r 

275; VIII.. p. 28 .—Arnold,. Fi>cA. Arch., 1872, LIII., p. 70; LIV., pp. 1 et 408.— 
Flemming, lb., LVL, p. 14(i. 

[Virchow, Pathol, (les tumeurs, ed. francaise, 1867, t. I., p. 125; t. II., p. 168. 
Paget, Lectures on Surg. Pathol ., 1870.—Billroth, General Surg. Pathol., N. Y., 
I860.— Ed. J 


I. NEW-FORMATION OF CONNECTIVE TISSUE. 

* 

New-formed connective tissue occurs under three forms: as regeneration 
of connective tissue or as cicatricial tissue,—as so-called connective tissue 
hypertrophy or induration,—and as connective-tissue tumor. 

A new-formation of connective tissue occurs physiologically, in various physio¬ 
logical hypertrophies of the skin, fat-tissue, muscles, tendons, fasciie, ligaments, 
bones, etc., arising chiefly from increased function, and in the healing of physio¬ 
logical haemorrhages (umbilical cord, uterine mucous membrane, ovaries). 

Common or fibrous (fibrillar) connective tissue is oftenest new-formed. 
It consists of unbranched connective-tissue fibrill.e, which yield gela¬ 
tine, which are sometimes arranged in bundles (connective tissue-bundles), 
sometimes irregularly or regularly, and which are more or less loosely 
interlaced (net-like and compact connective tissue). Finally, it is 
either solid, so-called formed, as in tendons, serous, fibrous membranes, 
the corium of the skin and mucous membranes, the. periosteum, cornea, 
etc., or it is loose, areolar, so-called formless, as in fat-tissue, between 
the intestines, muscles, etc. Between the connective-tissue fibres and 
bundles there is everywhere found a minute or more abundant quantity of 
fluid, formless, albuminous substance, the so-called intermediate sub¬ 
stance, or CEMENT. 

His denies the existence of the intermediate spaces of loose connective tissue 
except in the sub-arachnoid spaces, as well as between the sclera and choroid. All 
remaining spaces of connective tissue are, according to H., either lymphatic capil¬ 
laries, or they are filled by so-called mucous or mucoid substance, which with the 
fibrous substance, H. considers as an essential element of connective tissue. 

Two different kinds of corpuscles are found in connective tissue. With¬ 
out preparation (or after the addition of acetic acid, etc., whereby the 
fibres swell and become very pale) there appear corpuscles in varying 
numbers, which serve not only for the movement of the juices and the 
nutrition of the connective tissue, but also are of especial importance with 
respect to the development of most new-formations. They are, according 
to the older view, either small, slender nuclei not connected with one 
another (so-called connective-tissue nuclei), or larger, spindle or star-shaped 
cells with distinct nucleus and with two or more filamentous, for the most 
part hollow processes: connective-tissue cells or connective tissue cor¬ 
puscles. According to the more recent investigations these bodies are 
mostly elongated, irregularly dentated, in different localities and in differ¬ 
ent ages in various parts variously formed crooked plates, which contain, 
centrally or excentrically, a smooth elliptical nucleus and about this, granu¬ 
lar protoplasm: connective-tissue cell-plates. Besides, connective 
tissue in many places contains a second form of corpuscles, which have the 
same size, the same optical properties, the same contractility and ability to 
wander, as colorless blood-corpuscles and pus-corpuscles. They are dis¬ 
tinguished from the first described variety, by the designation: movable 
connective-tissue corpuscles, or wandering cells. They originate most 
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probably in tlie blood. Their signification is not yet known. We little 
know likewise, whether one kind of connective-tissue corpuscles can pass 
by transformation into' another. 

A greater part of connective tissue corpuscles have, by the more recent investiga¬ 
tions of tendons by Ranviek and Boll, of the cornea by Schweiggek-Seidel 
and Boll, of other forms of connective tissue by Flemming (see new-formatiou of 
fatty tumor), shown a compound structure. Accordingly the nucleus aud the dark 
protoplasm surrounding it, which alone has hitherto been regarded as connective- 
tissue corpuscles, lie in the centre or periphery of a large, elongated, irregularly 
dentated, variously curved plate. These plates (Boll’s endothelioid cells) probably 
communicate regularly by means of very delicate, easily broken, pale processes. 
The protoplasmic contents iiuctuates with the form of the plate: it is least in 
especially flattened cell-forms, while rounded cell-forms ( e.g ., in the stroma of the 
testicle) have a distinctly granular protoplasm. According to Boll connective-tissue 
cells are not always bound to fibrillar connective tissue, but occur also independ¬ 
ently, as in the testicle, where they lie immediately upon the walls of the capillary 
vessels. In most flattened forms the individual independence of the cells is lost, and 
their limits become invisible, so that extended membranes finally appear, whose 
cellular composition can no longer be seen, but only inferred. The plates line the 
clefts in connective tissue and cornea, and in this relation act like the endothelia 
of lymphatic vessels .and serous membranes. According to Ranviek, every single 
cell-plate is rolled up into a hollow cylinder aud is firmly united with neighboring 
plates, so that there is formed a kind of drain-pipe : the connective tissue therefore 
is a lymph-sac. According to Flemming, it is a system of lymphatic spongy 
cavities, whose walls consist of fibrillae and an interfibrillar substance ; the above 
cells are located on the latter like interrupted endothelium. In tendons, the cells 
lie so near to one another, that there is formed by them a branched system of endo¬ 
thelial tubes, a plasmatic canal system (Ranviek). According to Boll, investiga¬ 
tion of embryonic tendons shows, that the cell-plates sheathe the fibrillar bundles 
themselves; the}' are themselves parts of the elastic sheaths of the connective-tissue 
bundles. 

The channels in which migratory connective-tissue corpuscles move, are not yet 
certainly known: they are either the’circumscribed spaces of connective tissue 
plates, or it is the cement between the fibrillse. Some connective-tissue cells with 
processes of various length and thickness, with finely granular contents, with dis¬ 
tinct oval nucleus or nucleus-like body, show a slow change of form, but no change 
of locality. 

Homogeneous, or Reichert’s connective tissue is rarely new-formed. 11 
contains no distinct bundles or fibrillae, but consists of a substance, which 
is membranous with respect to extent, or exists in large masses, is finely 
granular or slightly striated, wholly homogeneous, clear and which prob¬ 
ably likewise furnishes gelatine. It is found in so-called homogeneous 
connective-tissue membranes (the bright sheaths about the bundles of the 
arachnoid, the adventitia of smaller bloodvessels, the neurilemma of 
smaller nerve-branches, the envelopes of the Malpighian bodies of the 
spleen, gland follicles of the intestine, the envelopes of the glandular ele¬ 
ments of the testicles, Graafian follicles, many racemose and pouch-shaped 
glands). 

Manifold transitions are found between fibi-illar and homogeneous con- 
nective tissue. 

The so-called mucous tissue or gelatinous connective tissue, which 
occurs in the vitreous body, Wharton’s jelly of the umbilical cord, in the 
foetus in place of fat-tissue in medulla, etc., consists of a mucus-like basis 
substance containing mucus and albumen, not yielding gelatine, sometimes 
provided with round, partly amoeboid, sometimes with radiate, anastomos¬ 
ing, soft, nucleated cells. 

New-formed connective tissue of every kind almost always contains 
bloodvessels; for the most part also lymphatics, sometimes nerves. 
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New-formation of pathological connective tissue takes place, according to 
the views held heretofore, from connective tissue itself in all its varieties. 
By division of the connective-tissue corpuscles, more rarely by endogenous 
new-formation, there arise sometimes only two cells, sometimes a mass of 
cells, which either are spindle-shaped (so-called spindle-shaped connective- 
tissue cells), or which at the beginning have a round form, but immediately 
become spindle-shaped or radiate. How basis substance arises between 
these cells (fibro-blasts), lying at first in close opposition, has not yet been 
with certainty observed. According to one view, it arises by direct meta¬ 
morphosis of the protoplasm. According to another view, the cells se¬ 
crete a soft homogeneous substance, which either always remains soft and 
homogeneous, contains mucus and albumen (mucous tissue), or it obtains a 
greater consistence (homogeneous connective tissue), or hard and affording 
gelatine, becomes fibrillar (fibrous or common connective tissue). The 
cells, if their basis substance is formed, rarely retain their distinctly cellu¬ 
lar nature, but become afterward for the most part more indistinct. (Or 
they are further transformed into fat, pigment cells, etc.) The basis sub¬ 
stance may in time undergo various changes. According to some, also the 
formative cells of connective tissue are in many cases migrated colorless 
blood-corpuscles: at least they are like them in all points, contain coloring 
matters, which had previously been injected into the animals, and migrate 
in oval and spindle-shaped cells and further on into fibrous tissue. 


Neumann (Arch. d. Heilk , 1809, X., p. 601) himself concludes with respect to 
pathological new-formation of connective tissue (Scnw Ann's and Beale’s view), 
that the protoplasm of cellular elements is metamorphosed into fibrillar connective 
tissue intercellular substance. The cells in this metamorphosis are called k ' fibro¬ 
blasts.” W. Krause (Deutsche Klin., 1871, No. 20) regards connective tissue 
fibrillm as cell-processes, not as intercellular substance. According to M. ScilUTZE 
(see Boll, 1. c.), a direct metamorphosis of protoplasm into fibrillar substance does 
not take place, but the latter is something new like cellulose, fat, starch. 

According to Sciiede (Arch. f. /din. C/dr., 1872, XV., p. 14) after a single ener¬ 
getic pencilling of the skin of a rabbit with tincture of iodine, the emigrated cells 
become greater from day to day, their form becomes like that of old connective- 
tissue corpuscles, and on the fifth or sixth day most of the migrated corpuscles are 
completely metamorphosed into connective-tissue corpuscles. Others go back 
unchanged into the lymphatics. The old fixed connective tissue corpuscles therein 
show no change. Fatty metamorphosis begins on the fifth or sixth day in the old 
connective-tissue cells and then also in the younger less developed migratory cells. 
Farther on are found all stages of transformation of common connective-tissue cor¬ 
puscles into fat-cells (Flemming). Some connective-tissue fibrillm are probably also 
destroyed. Finally, the previous status is restored. According to Sciiede, iodine 
tincture causes only an acute increase of normal physiological processes. 


Connective tissue probably arises in the first described manner from car¬ 
tilaginous tissue and from young bone-tissue; also from other tissues not 
immediately belonging to it: e.(/., from the capillaries, transversely striated 
muscle- and nerve-fibres, where their nuclei afford the starting-point of 
increase, from the so-called membrana propria of glands. 

In the blood-coagula of vessels and in haemorrhages of every kind, espe¬ 
cially also in blood-filled wounds, the starting-point of connective-tissue 
formation is the endothelium of vessels, also the cells of the other tunics of 
the vessels, etc., and, according to many, the colorless blood-corpuscles. 
(See p. 192.) 

Sperling ( Gtrlbl. , 1871, No. 29) injected the fresh coagulable blood of rabbits be¬ 
tween the dura mater and arachnoid of the same animals. After eight days, this blood 
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showed the beginning of an organization into a connective- tissue membrane, which 
after from two to three weeks was perfected ; after three weeks, the vessels also were 
new-formed. The membranes resembled those of hcemorrhagic pachymeningitis. 
The organization of the blood took place on the convex surface of the brain, on the 
inner surface of the dura without adhesion to the arachnoid. The membrane was 
formed from the fibrin contained in the injected blood. After injection of defibrin- 
ated rabbit’s blood, there occurred no new-formation of membrane, but the blood 
was wholly or in great part absorbed. 

Mucous tissue is sometimes formed at first, and is later transformed 
into a substance similar to homogeneous and fibrous connective tissue. 

Finally, there occurs a pathological new-formation, which is founded on 
a transformation of various normal tissues: so-called fibrous metamor¬ 
phosis. This occurs most often and prominently in many chronic inflam¬ 
mations of joints. Fibrous connective tissue, short or long, arises by trans¬ 
formation of cartilage-cells into connective tissue cells, and by fibrillation 
of hyaline cartilaginous basis substance. A substance, more or less like 
connective tissue, is formed in many inflammations of bone after absorption 
of the normal bone-salts from the bone-tissue. Finally, by the disappear¬ 
ance of the proper contents of transversely .striated muscle-fibres, nerve- 
fibres, glandular organs and vessels, the surrounding envelope splits and 
later becomes fibrous; normally, the corpuscles, nuclei, etc., occurring in 
the envelope (capillary wall, sarcolemma, etc.), are either at the same time 
destroyed, or they remain permanent as connective-tissue corpuscles. 

Likewise as fat-tissue arises from mucous tissue, so fat-tissue not infre¬ 
quently again becomes mucous tissue, especially in states of emaciation: 
in sub-pericardial fat-tissue, in the fat in the hilus of the kidneys, about 
the spinal dura mater, in the medulla of tubular bones, etc. 


2. NEW-FORMATION OF VESSELS. 

The new-formation of vessels affects in part only bloodvessels, most 
often the capillaries, more rarely small arteries, almost never larger arteries 
and veins ; and in part lymphatic vessels. 

Not only an elongation and dilatation of pre-existing vessels occurs physiologi¬ 
cally in the pregnant uterus, by increase of wall-elements, but also a formation of 
new vessels. 

New-formation of bloodvessels occurs most frequently at the same 
time with new-formation of other tissues, especially of connective, bony, and 
muscular tissue. New-formation of vessels is thus found during healing of 
wounds, especially distinct in so-called granulations, also in pseudo-mem¬ 
branes, and adhesions of serous membranes, in true and false, partial and 
general hypertrophies of most tissues and organs, also of the decidua vera 
(so-called placentce spuria?), in almost all tumors. 

Vessels occur more rarely as the only or chief new-formed tissue. This 
is on the one hand the case in the formation of so-called collateral circu¬ 
lation, on the other hand in vascular tumor. Concerning the former, see 
p. 174. Vascular tumor, angioma, is a new-formation, which has a more 
or less distinct tumor-like outline and consists for the most part or almost 
wholly of vessels. Most tumors may at any period of their existence, 
in some parts or for the greatest part, become very vascular. This condi¬ 
tion is termed cavernous or teleangiectatic degeneration (fibroma 
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teleangiectodes, enchondroma tel., etc.), or it l'eceives special names, e.g., 
fungus hsematodes. 

The vessels in collateral circulation and in new-formations are in part 
the very elongated and dilated small arteries, veins, and capillaries of the 
organ, in part, especially in the latter, they are new-formed, and then they 
are distinguished from normal vessels by their considerable lumen, by their 
irregularity (in places varicose or aneurismal) and by some less important 
anomalies of structure, especially the greater thinness of their walls. 

The blood in new-formed vessels always flows from the original vessels 
of the body into them, is never new-formed. 

Carma.lt and Stricker ( Oestr. med. Jahrb. , 1871, p. 428) have only recently 
observed in the inflamed cornese of the frog and rabbit a new-formation not only of 
bloodvessels, but also of blood. 

New-formation of vessels, especially of the capillaries, ensues in 
various ways. 

a. By intussusception, like normal growth : vessels of every calibre, 
especially often smaller arteries and veins as well as capillaries, become 
longer, tortuous and dilated (cirsoid or serpentine ectasia). The tissue- 
elements of their wall increase in size or also in number. The capillary 
vessels thus elongated sometimes finally communicate in a still unknown 
manner. This process occurs in the formation of collateral circulation, as 
well as in hypertrophic organs, not infrequently also in the base of pedicled 
tumors, or in all the surrounding tissues of new-formations. 

b. By budding : here again are found two different forms: 

a. Buds shoot out from the smallest arteries or capillaries, which buds 
have a broad base and pointed extremity, are at first solid, then become 
hollow and finally communicate with like sprouts of other capillaries, more 
rarely with the latter without the intervention of sprouts. According 
to more recent investigations, a germinative protoplasm is produced from 
the cells of the endothelial pouch of developed vessels, by whose growth 
buds and filaments are formed, which by the coalescence of their proto¬ 
plasma-granules are transformed into cords. By liquefaction of the central 
mass of this protoplasm, protoplasma-tubes are formed, which by further 
metamorphosis of the wall, i.e., nuclear formation in it, by segmentation of 
the granular mass about the latter, etc., are transformed into tubes built 
up of nuclear bodies, and finally into sacks composed of nuclear plates. 

/?. Or there occurs in the connective tissue in the vicinity of the capil¬ 
laries a repeated division of connective-tissue corpuscles; thereby cellular 
cords are formed, which finally, with the exception of the most external cells 
which are transformed into the vessel-wall, become hollow and communi¬ 
cate with vessels : frequent in granulations. 

c. By connective tissue cokpuscles becoming hollow :• spindle-shaped 
and radiate connective-tissue corpuscles dilate and are transformed into 
canals, which unite with other connective-tissue corpuscles and finally with 
vessels, sometimes by means of the budding described above. 

d. Vessels in wounded parts, capillaries as well as arteries and veins, 
are transformed into solid cellular cords, channels arise between the 
new-formed cells, which at first are permeable only for blood-plasma; 
most of these channels disappear, while the remainder, by blending, etc., 
of the cells bounding the channels, become permanent vessels. 

The first mode of new-formation of vessels has been longest known; the second 


NEW-FORMATION OF VESSELS. 


376 

was demonstrated by Jos. Meyer, the third by Sciiwann, Bemak and others, the 
last by Thiersch. Quekett, Travers, Paget and others have assumed still 
other forms of new-formation of vessels. 

According to Ranvikr (Nouv. diet., etc.), every pathological new-formation of 
vessels depends upon a growth of the endothelia of the capillaries, which under the 
influence of the inflammation, etc., have reverted to the embryonic state. 

Arnold (1. c.) investigated the development of blood-capillaries in amputated 
tails of tadpoles, in process of regeneration, in inflamed cornea? of rabbits and 
guinea-pigs, and in the embryonic vitreous. The development of capillaries always 
proceeds from a vessel already present. It begins with the accumulation of granules, 
which arrange themselves into rows and by increased accumulation of protoplasm 
are transformed into smaller or larger forms, the shoots. These increase in length 
and breadth. By their advance in the direction of their length the shoots become 
protoplasmA-F r lament s. The advance takes place within the brighter channels, 
which perhaps correspond to the connective-tissue fissures. By the combination of 
the most external rows of two protoplasma-cords, etc., there are formed the PROTO¬ 
PLASMA-ARCHES. Canalization occurs by solution of the central protoplasm in form 
of molecules and larger particles, which are still demonstrable for a long time in 
the circulation. The metamorphosis of the original homogeneous protoplasm-tube 
into the endothelial cell tube is regarded by A. as a kind of segmenting process of the 
protoplasm. The remains of protoplasm remaining between the cells form the so- 
called cement The adventitia of vessels is formed altogether independently of the 
endothelial sac, probably out of the spindle-shaped cells of the basis substance. 
From ten to twelve hours are necessary for the complete development of a capil¬ 
lary tube of medium size in the tail of a tadpole. Even solid or incompletely 
canalized shoots, cords, and arches, are formed also from new-formed vessels as well 
as from those originally present. 

The smaller arteries and veins are most frequently formed by trans¬ 
formation of already present or new-formed capillaries, while cells are 
also formed by division, etc., surrounding the vessels and finally pass 
over into the various tissues of the coats of the vessels. More rarely larger 
vessels of the same kind are also formed primarily from solid cellular cords. 

In many tumors of luxurious growth, also in simple chronic processes of growth, 
vessels are found of the width of small arteries, but without muscles, their walls 
being formed exclusively of numerous layers of spindle-shaped cells. (Klers, Virch. 
Arch., XXXVIII., p. 210.) 

The arrangement of new-formed vessels sometimes offers no special 
abnormality, while it is analogous to that of the mother-tissue; sometimes 
tliei'e are peculiar conditions. Thus in many new-forinations there occur 
proportionately long, simple clubs, which may sometimes dilate, cyst-like, 
and separate. In many pseudo-membranes of serous membranes there ai-e 
found the so-called bi-polar rete mirahile, etc. 

New-formation of lymphatic vessels has with certainty been demon¬ 
strated in only few cases, but it probably occurs very often. The immediate 
processes are unknown : probably they are formed like the blood-capillaries 
as intercellular ducts. 

Oases of new-formation of lymphatic vessels were observed by Schroder v. d. 
Kolk (Lespinasse, De van. pscudom. , 1842), and Teiciimann, in pseudo-membranes, 
by the author on the pulmonary pleura (Arch. f. phys. Heilk., 1851), p. 848). Accord¬ 
ing to Krause ( Ztschr. f. rat. Med., 1868, XVIII., p. 268), the lymphatics in many 
tumors are injected : in cancer, they course in the connective-tissue framework of the 
stroma. 

A. New-formation of vascular connective tissue as regeneration 

OR AS CICATRICIAL TISSUE (HEALING OF WOUNDS, CAPSULE FORMATION, ETC.). 


Hunter, A Treatise on the Blood, Inflammation, Gun-shot Wounds , etc. Phila., 
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1790. — Redfern, Monthly Joum. of Med. Sc ., Sept., 1851. — Strube, 1lev norm. Bern 
d. Cornea u. die path. Abw., 1851. — Tiiif.rfelder, Be regen. ten dm ., 1852. —His, 
Beitr. z. norm. u. path. Hint. d. Hornhavt , 1856. — Adams, On thcliepar. Proc. in Hum. 
Tendonx, 1860. —Leidesdobf and Stricker, Wien. Sitzgab., 1866. — Holm (-Strick- 
er), lb., 1867, LV., p. 493. — Wywodzoff, Oestr. Jahrb., 1867, p. 3. — CohnuEim, 
Virch. Arch., 1867, XL., p. 1. — Thiersch (L c.). — Aufreciit, Virch. Arch, 1868, 
XLIV. , p. 180. —GOterbock, lb., 1872, LYI., p. 352.— Paget, Surg. Pathol ., p. 144. 

In organs which consist only of connective tissue, or of this and of vessels, 
as well as in numerous other organs consisting in part or chiefly of other 
tissues, connective tissue, which is almost always vascular, is new-formed 
after wounds, ulceration, and losses of substance of every kind. This new- 
formation takes place in two different ways, which histologically show slight 
differences, but clinically have been for a long time distinguished as so-called 
HEALING BY FIRST, and HEALING BY SECOND INTENTION. Ill the first Case, 
union of the borders of the wound takes place by uew-formation of connec¬ 
tive tissue and vessels, in the shortest time and without formation of 
pus. In the other case, likewise, connective tissue with vessels is formed, 
mostly in shape of so-called granulations, which finally, after shorter or 
longer times, brings about union, with the formation of a more distinct 
cicatrix; besides, PUS is here formed in varying quantity, which flows off 
or is destroyed, and has nothing to do with healing itself. Sometimes heal¬ 
ing occurs in one and the same wound by both first and second intention 
* simultaneously; the one at one point, the other at another point in the 
long diameter of the wound; or the one superficially, the other deeply. 

In both forms of healing, so-called congestive hyper.emia is found in the 
vicinity of the wound: this is in part of collateral origin, in part it appears 
(in parts supplied with sensory nerves) in consequence of a reflex paralysis 
of the vaso-motor nerves. 

Healing of wounds behaves differently, according as it occurs in non-vas¬ 
cular or vascular parts. 


a. Healing of wounds in non-vascular parts. 

This mode of healing has, experimentally as well as clinically, especially 
in the cornea, often been investigated ; nevertheless the theories with regard 
to it are at the present time very widely divergent. 

In wounds of the cornea (traumatic, wounds from cauterization), es¬ 
pecially of the centre of the cornea, there is formed around the wound, after 
a few hours, a narrow whitish, milk-colored circle, the corneal border and 
the conjunctiva early become hypersemic, finally cedematous. The portion 
of cornea nearest the injury is likewise clouded. This cloudiness points in 
the direction of the wound, and after from one to three days readies it. 
While the cloudiness around the corneal wound becomes deeper, the pe¬ 
riphery clears up again, and after from three to seven days is perfectly 
clear. This cloudiness around the cornea depends, according to the older 
theory, upon an increase of corneal corpuscles; according to the more recent 
view, especially that based on the so-called feeding of colorless blood-cor¬ 
puscles with coloring matters, it depends upon migrated corpuscles (pus- 
corpuscles). 

According to the old view, whose representatives are Strube (1851). with ViR- 
cnow. His (1856), Langhans, and many others, a growth of the nucleus of the cor¬ 
neal corpuscles appears after eighteen hours, in the proper cell-body as well as in the 
cell-processes. These new-formed nuclei and cells become connective tissue, if the 
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healing is by fiisb intention. Otherwise, especially in sloughing from cauterization, 
pus appears and new vessels are formed from the corneal border, until finally healing 
is accomplished in the usual manner. Normal comeal tissue is rarely formed in both 
oases in man; for the most part there remains a clouded, less transparent spot, a so- 
called OPACITY OF TIIE CORNEA. 

The more recent views are by Recklinghausen, Hoffmann, Cohnheim, and A. 
Key, for which see p. 2dl et seq. Consult also G- "’TEunocK ( Virck. Arch., L., p. 405). 
He found in healing by first intention in both borders of the wound in the cornea, 
from five to seventy-two hours after the injury, numerous spindle-shaped elements, 
arranged perpendicularly to the borders of the wound and parallel to one another. 
These, in part, are metamorphosed branched corneal cells. 

Concerning wounds of cartilage, vide infra. 


b. Healing of wounds in vascular parts. 

In the healing of wounds of vascular parts, e.f/., of the skin, by first 
intention, the processes appear in the following manner. 

a. In many cases there is only very slight haemorrhage, as in many 
purely incised wounds of the skin. The surfaces of the wounds are glued 
together by an albuminous liquid which is never visible on the surface, but 
is infiltrated into their deeper layers. This adhesion is followed after a few 
days by complete union. The borders of the wound never show redness 
and swelling; the wound pains only at the moment of reception and for a 
little time thereafter. No cicatrix is formed. This mode of healing is 
designated by the term immediate union. The processes microscopically 
are the same as those of the following mode. 

Consult thereon Macartney ( Treatise on Inflammation ), Paget, and Thiersch. 

Gussenrauer (Arch. f. Jclin. Chir., 1871, XII,, p. 791), from experiments on the 
cornea, cartilage, etc., denies the existence of so-called immediate union. The sur¬ 
faces of wounds do not adhere immediately, but by an intermediate substance, which 
is coagulated, or coagulable tissue-fluid : in the cornea, its parenchymatous juice ; 
in cartilage, blood and tissue-fluid ; in other tissues, blood and interstitial tissue-lluid. 

• This intermediate substance occasions the first new connection of the tissues. Then 
is added exudation. 

/3. In healing by first intention proper, the bleeding of the wound-sur¬ 
faces is greater. After this has ceased from the larger wounded vessels, 
still a slight haemorrhage from the smallest vessels remains. The blood, in 
part, runs off, a portion collects in the wound, some is infiltrated into the 
surrounding parts. The blood coagulates in these places, and thereby partly 
effects a cementing of the borders of the wound together. But for the most 
part the closure is effected by a liquid rich in albumen infiltrating the 
wound-surfaces. If the haemorrhage ceases, the wound appears moist, and 
lets an albuminous liquid escape ; but motion, etc., causes it to bleed easily. 
Immediately after injury the anatomical elements of the surfaces of the 
wound are to be sharply and distinctly distinguished. But after a few 
hours they are no longer distinct, while a thin, gelatinous, no longer remova¬ 
ble liquid not only covers them, but also' infiltrates their superficial layers. 
In consequence of the hyperaemia produced by the injury itself, and by 
thrombosis of the vessels, there appears an albuminous exudation for the 
most part with small haemorrhages. The borders of the wound swell, partly 
from the hyperaemia, exudation, and haemorrhage, partly from the new-for- 
mation of cells beginning after a few hours, and are reddened. A few days 
after injury a necrosis of the parts immediately adjacent to the wound ap¬ 
pears, as well of those affected by the injury itself as of those which suffer 
diminished nutrition from their firm inclosure with coagulated fibrin. The 
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extent of necrosis in liealing by first intention is always very small. The 
necrosed particles are for the most; part absorbed. 

Definitive union takes place through new-formation of connective tissue 
and vessels. The basis substance of the connective tissue of the borders of 
the wound loses its fibrous structure, becomes homogeneous and gelatinous. 
According to many, its corpuscles and capillary nuclei divide and become 
at first round, sometimes spindle-shaped cells, which secrete a new basis 
substance, and therebj' determine union; according to others, this takes 
place from migrated colorless blood-corpuscles. In place of the closed vessels 
lying nearest the surface of the wound, there are formed new vessels, which 
enter into communication with the vessels of the opposite side : upon this 
the reddened and swollen borders of the wound become pale and the swell¬ 
ing decreases. 

Granulation-tissue is a homogeneous, gelatinous, or only indistinctly 
fibrous basis substance, with numerous, rounded and spindle-shaped, uni¬ 
nuclear, more rarely multinuclear cells, and with an abundant supply of 
capillaries, which are partly original, but are for the most part new-formed 
(inflammatory new-formation, primary cell-tissue, plastic infiltrated, 
plasmatic tissue, cikestoma , i.e., tissue of repair). 


The oldest, Hunterian view, whereby union of wound-surfaces takes place by a 
layer of plastic lymph, is not confirmed by microscopical investigation. Wywodzoff 
concludes from experiments, that the red blood-corpuscles and the fibrin of the blood 
become intercellular substance, the colorless blood-corpuscles become connective 
tissue and vessels. (?) According to the experiments of Thiersch, who made incised 
wounds in the tongues of guinea-pigs and rats and injected them at varying periods 
after the cuts, no intermediate substance exists at all in the wound, but the appear¬ 
ance of it is due to the blood and albuminous liquid infiltrated into the wound-surfaces. 
The further changes now take place in part between the vessels where there is an 
abundant new-formation of cells, in part in the vessels themselves. The latter also 
and the capillaries, as well as the smaller arteries and veins, suffer an infiltration of 
their walls with granulation-cells. Between the latter the blood flows out of the in¬ 
terior of the vessel through the finest pores, permeable also to the matter injected, 
into the intermediate spaces of the granulation-cells (which may likewise be artifi¬ 
cially injected), and return by another vessel-wall again into the interior of the vessel. 
This passage, which results after a few hours, trikes place more quickly from capil¬ 
lary to capillary than from arteries to veins. The capillaries, soon after the injury, 
are metamorphosed, at first at the cut end, by growth of their nuclei, into solid cellu¬ 
lar cords with intercellular channels, which are supplied with blood-plasma from 
the open part of the capillary tube. In the larger vessels this takes place by growth 
of their endothelium, etc. Most of these provisional intercellular channels disappear, 
while some dilate and a wall is formed by the cells surrounding them; the interme¬ 
diate isolated celis become connective tissue. Finally, the vessels originally present 
and affected by cell-growth return to their normal state. 

How LYMPHATIC vessels behave is still unknown; the original vessels are 
probably destroyed ; new vessels are formed only after the formation of bloodvessels. 
See L5sch ( Virch. Arch., XLIV., p. 385). 

y. The processes in healing by second intention are essentially the 
same. But a direct cementing of the borders of the wound is wanting. On 
the other hand, after cessation of the larger haemorrhage, on the second or 
third day, there flows from the wound-surface a thin, sero-sanguineous 
liquid, which in part proceeds as continuous haemorrhage from small vessels, 
in part is the product of inflammation of the borders of the wound. This 
liquid becomes gradually clearer, contains fewer blood-corpuscles, and, from 
the third to the fifth day, approximates the character of common pus. On 
the second to the fourth day after injury, the necrotic portions are separated 
with the liquid of the wound, with the removal of the charpie, etc. These 
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portions are very small, often larger in tendon, fascia, and bone. They 
form with the extravasation and exudation for the most part a brownish, 
greasy, sometimes peculiarly smelling substance. A wound, whose appear¬ 
ance at first resembles that above described, is, on the second to the fourth 
day, of a dirty red color, has a disagreeable odor, and its proper con¬ 
stituents are no longer to be distinguished : it i« “dirty.” On the third to 
the fifth day it is pale red, soft, smooth, or somewhat uneven, but does not 
yet granulate : it “ cleans off.” On their surface there is in parts a throw¬ 
ing off of very small necrotic shreds of tissue, in parts suppuration. Only on 
the fourth or fifth day after injury, with a continuous secretion of pus on 
the surface of the wound, are there to be seen a large number of small, 
rounded, firm, wart-like protuberances, so-called granulations. The latter 
increase in size, softness, and number, until finally the whole wound is filled 
with them. At this time in granulating suppurating wounds there can be 
distinguished two layers: one superficial, so-called pyogenic layer, which 
consists mostly of multi-nuclear pus-corpuscles (incapable of farther tissue- 
formation) and a mucous basis substance, which is gradually removed and 
is formed out of the deeper layer, and a deeper, so-called plasmatic layer, 
which resembles the granulation-tissue described above. Both layers pass 
gradually into normal tissue. After granulations and suppuration have 
existed many days or weeks, the secretion of pus becomes less; the granu¬ 
lations gradually become smaller, less circumscribed, firmer, more amemic, 
and become vascular, at first homogeneous, then fibrous connective tissue. 
The vessels and basis substance at first persist, the abundant round cells of 
the surface pass away, while those of the deeper portions are in part ab¬ 
sorbed, in part transformed into connective tissue-corpuscles. 

The cicatrix arising by first, as well as by second intention, is at first 
very vascular, soft and tender. It gradually becomes paler, more anaemic, 
firmer and smaller: so-called contraction of cicatricial tissue. Cica¬ 
trization is at first introduced by obliteration of the superficial vessels 
of the granulations and disappearance of the homogeneous intercellular 
substance. Thereby fibrous lines are formed, which are surrounded by 
fibre-cells. The granulations themselves therewith become more diffuse 
and paler. 

Finally, at first, for the most part, on the border, rarely separated from 
it, in suppurating wounds with cessation of suppuration, there is formed 
young epidermis. It does not proceed from granulation-tissue, but from 
the surrounding, etc., epithelium. 

Granulations are not an imitation or remnant of the papillae of the skin, but new- 
formations of a peculiar, young, vascular connective tissue in form of papillae. In 
the skin they correspond to the papillae ; in the subcutaneous cellular tissue, however, 
they lie between the small fat-lobules, in muscles, tendons, etc., between the single 
fibre-bundles : they correspond with parts of organs, which are especially vascular 
and capable of a very abundant exudation. 

Granulations show at different periods of their existence a somewhat different 
structure. At first they consist of the homogeneous connective tissue of the wound, 
and of cells which partly resemble colorless uni-nuclear blood-corpuscles, are 
partly spindle-shaped, in part they represent intermediate forms. Immediately 
after, within a few days, numerous capillaries appear in the granulations, spindle- 
shaped cells exceed the round in number, become longer, their processes filament¬ 
ous, their nucleus larger. Now the granulations consist of a soft, homogeneous, 
mucus-containing tissue, which is in part the remains of the old tissue, but espe¬ 
cially the product of new formed, or migrated cells, and of fibre-cells with two or 
more processes as well as of some pus-corpuscles. The vessels of the granulations 
are very numerous, form at their points a dense, swollen net-work filled with blood, 
from which are given off at their base two or more, thicker or thinner capillary 
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branches, which connect every net-work with the original vessels of the part. The 
capillaries of granulations like common capillaries, have especial nuclear walls and 
can be artificially injected. Nerves and lymphatics have never with certainty been 
observed in granulations. Their surface is at first without epithelium. This con¬ 
struction of granulations, especially their vascular arrangement, explains the con¬ 
tinuous exudation of plasma and emigration of blood-corpuscles on their surface. 
The deep layer of the granulations and the tissue, with which they are connected 
by their base, is distinguished only by its greater firmness, increased fibrous char¬ 
acter, fewer vessels and more abundant fibre-cells. 

Granulations are in many cases EXUBERANT and FUNGOUS (caw luxuriam , “ proud 
flesh”): they then project fungus-like beyond the limit of the neighboiing tissues, 
are usually very soft, for the most part richer in vessels, sometimes poorer in them; 
the secreted pus is mucous, poor in cells. Fungous granulations show, according to 
ItiNDFLEiscil, a more distinct perfect stroma, which is similar to that of the 
lymph-follicles ; sometimes in places, aggregations which consist of mucous tissue. 
Sometimes there occur therein so-called giant-cells with many processes and numer¬ 
ous nuclei. Granulations are called ERETHISTIC, which are very painful and are 
mostly exuberant and bleed easily. In a case of so-called irritable granulations 
Rindfleiscii found a great abundance of nerve-fibres. Concerning farther diseases 
of granulations consult Heiberg ( Viroh. Arch., 1872, LV., p. 257). 

In erysipelas of the surrounding structures, in pyaBmia, in all severe diseases 
toward the end of life the granulations become smooth, red, shining, and secrete a 
thin serous liquid. 

A variety of healing by second intention is healing with the formation of 
SCABS. This healing in a dry way is the rule in animals, so that in experiments very 
little or no pus is obtained. In man this occurs more rarely (mostly in small, less 
suppurating wounds), or where it appears or would appear, is prevented by the 
surgeon. It is found in common incised wounds, wounds from burns, rarely in 
wounds already granulating. The SCAB or CRUST consists of blood, pus, other 
wound-secretions, as well as of dirt or of powder, of different kinds, etc., which have 
been applied to the surface of the wound. The crust remains attached to the 
wound, until cicatrization appears. The latter is distinguished from common cica¬ 
trices formed by healing by second intention, by the absence of cicatricial con¬ 
traction. 

Sometimes cicatrices do not become contracted, but hypertrophied, so that they 
represent tumors of varying size. Especially is this the case in small wounds, sup¬ 
purating for a long time, after the introduction of ear-rings, in cicatrices after 
bums, especially with powder, burning oil. Their tissue then has a cytogenic struc¬ 
ture ; and not infrequently contains giant-cells. 

Cicatricial contraction, so-called, which regularly occurs in wounds healing 
by first and especially by second intention, in numerous, especially plastic opera¬ 
tions, in wounds near the eyes, mouth, etc., in wounds from bums, etc., deserves 
especial regard on the part of the practical surgeon. Indeed it is sometimes of 
service, e. g ., for the healing of entropium. Its causes in general reside in the 
obliteration of new-formed vessels and consecutive atrophy of connective tissue. 
Under especial unknown condition it appears remarkably great in even small wounds. 

Cicatricial formation follows in various individuals in different periods, without the 
possibility of its cause being suggested. In many men wounds of all kinds heal 
very quickly, often in tuberculosis and cancer (namely, the extirpation-wounds of 
epithelial cancers); in others, healthy as well as especially drinkers, cicatrization is 
usually slow. 

The HEALING OF WOUNDS OF TENDONS, MUCOUS MEMBRANES, GLANDS, as well 
as REPAIR of PARTS OF THE BODY ALMOST 01' ENTIRELY SEPARATED (tip of 
the nose, ears, fingers, etc.), goes on in essentially the same manner as heal¬ 
ing of wounds of the skin. 

The FORMATION of so-oalled capsules about foreign bodies, e.g., grains 
of shot, bullets, needles, etc., about parasites, occurs in the same way in 
organs of every kind. 


The surgically important regeneration of tendons after subcutaneous section was 
first shown by Pirogoff, especially by Tiiierfelder, then by Boner, Adams, and 
others. 
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Whether in these cases, granulation-cells, as has been generally assumed until 
recently, arise from connective-tissue corpuscles, or at the same time from the 
capillary nuclei, from gland-cells in glandular organs; or whether they are in part 
migrated colorless blood-corpuscles, has not yet been determined. The gland-cells 
lying nearest to the wound are wholly destroyed. According to Holm and Stricker 
( Wien. JSilegfib&r., March, 18(17, p. 4118) in traumatic hepatitis, hepatic cells are trans¬ 
formed not only into fatty granular cells, but also into fibres, so that granular cells 
next become granular fibres. Hepatic cells thus furnish a part of the material of 
fibrous cicatricial tissue. Another metamorphosis of liver-cells is a transition into 
so-called granulation-cells. 

B. ISTew-formatio.nt of vascular connective tissue in the form of 

SO-CALLED CONNECTIVE-TISSUE HYPERTROPHY, OR OF CONNECTIVE-TISSUE 
INDURATION. 

Connective-tissue hypertrophy occurs very often and in almost all 
organs. It consists sometimes in hypertrophy of the common firm fibrous 
connective-tissue, sometimes in the formation of soft, gelatinous connective 
tissue, sometimes in an increase of mucous tissue with subsequent meta¬ 
morphosis of it into homogeneous or fibrous connective tissue, sometimes 
finally in a transformation of capillaries, structureless membranes, etc., 
into a substance like connective tissue. The vessels sometimes take no 
part therein, they sometimes increase in like manner, sometimes they are 
in varying number destroyed. 

Connective-tissue hypertrophy affects either the whole organ or only 
parts of organs. Herein it is represented very differently. In general, 
the organs or parts of organs become larger and for the most part firmer, 
with varying vascularity. Their function is sometimes left intact, some¬ 
times to a great degree destroyed: the latter especially in consequence of 
diminished mobility of organs, in consequence of the frequent consecutive 
destruction of vessels (functional and nutritive) and of the softer, especially 
glandular textures. 

Connective tissue hypertrophy and connective tissue tumors of many 
organs, especially the skin and mucous membranes, often pass without 
limits into one another. 

The changes of new-formed connective tissue are the same as those of 
normal connective tissue and of that formed during healing of wounds. 
Cicatricial contraction is most important with respect to glandular 
organs (liver) and those surrounded by vascular membranes (brain, etc.); 
it is followed by diminution of supply of functional or nutritive blood, 
and through both conditions, diminished nutrition and function of organs. 
Also worthy of note are oedematous infiltration, haemorrhage with forma 
tion of pigment, inflammation with suppuration, calcification, etc. 

The causes of connective tissue hypertrophies are most frequently di¬ 
minished circulation of blood and lymph, the former from various causes, 
the latter from increase of endothelium; also often repeated acute and 
especially chronic inflammations (so-called inflammatory hardening or indu¬ 
ration, see p. 271); many poisons (alcohol) are sure causes of drinkers’ 
or granular liver—phosphorus: if both are used in comparatively small 
doses for a long time. The causes are often unknown. 

Heller (Arch. f. Min. Med ., 1872, X., p. 141), in a case of scleroderma with 
scattered denser points and similar affections of the muscles, heart, intestines, etc., 
in a woman 56 years old, found an obliteration of the thoracic duct with dilatation 
of the afferent and smaller lymphatic vessels and inflammatory growth of the endo¬ 
thelium. The author saw a similar conditiou in elephantiasis. 

If rabbits, cats or dogs be fed for many months with minimum doses of phos- 
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phorus and the dose increased slowly and continuously, so that no acute or subacute 
intoxication be experienced, the stomach and liver will show a high degree of con¬ 
nective tissue hypertrophy. The gastric mucous membrane becomes twice or three 
times thicker, indurated, and cf a smoky gray or brown diffuse color. In the liver 
there is developed either a smooth induration, or a lobing of the liver similar to that 
of syphilitic induration, or true cirrhosis: always with atrophy of the liver-cells, 
and various stages of connective tissue development, and chronic icterus. In the 
latter forms there appear venous hyperasmia of the gastric and intestinal mucous 
membrane, chronic tumor of the spleen, finally ascites and hydro-thorax. (Wegner, 
Virch. Arch., 1872, LV., p. 11.) 

Kussmaul and Maier (Arch. f. Min. Med., 1872, IX., p. 283) found in a case of 
chronic lead-poisoning, stronger development of the sub-mucous tissue of the 
stomach and intestine, growth and sclerotization of the connective tissue septa of 
many ganglia of the sympathetic nerve, especially of the coeliac and superior cervical. 

Increase of connective tissue takes place physiologically in the mucous mem¬ 
brane of the uterus during menstruation, and especially during pregnancy. The 
mucous membrane thickens already in the second week of pregnancy, especially 
that of the body' of the uterus to from four to six millimetres, is softer, redder and 
plaited, and finally becomes the decidua vera. The latter contains in a compara¬ 
tively scanty connective tissue, very abundant cells, especially lines of large, 
nucleated, spindle-shaped cells. In the later periods of pregnancy, it consists of a 
structureless substance with more epithelium-like cells and free nuclei. The various 
stages of growth and disappearance of the decidua are not yet certainly known. 

Consult Denman, The Anat. of the Human Gravid Uterus. 1774.— Simpson, 
Obstetric Memoirs and Gontrib., 1853, I., p. 283.— Virchow, Ges. Abh., 1850, p. 
735.— Hausmann, Beitr. z. Geburtsli. u. Gyucik., 1871, I., 2 II., p. 155. 

The pathological connective-tissue hypertrophies most worthy of notice 
are the following: 

Hypertrophies of the skin are hereditary or acquired, partial or 
extended over a varying extent, pure or with simultaneous growth of 
epidermis, papillar and vascular growth, new-formations of fat, growth of 
hair, pigmentation, etc. ; and affect sometimes both layers of the skin, 
sometimes only or especially the upper and lower, sometimes also the sub¬ 
cutaneous tissue, sometimes at the same time the deeper connective-tissue 
layers (even the periosteum and bones). 

Here belong: pachydermia or elephantiasis arabum ; 'pachydermia nostras 
with its sub-varieties (eleph. lends s. glabra, el. papiilans s. verrucosa, el. tuberosa 
s. nodosa — el. cdba, fnsca and nigra — el. cornea — el. mollis and dura —common and 
ulcerous el.— el. teleangiectodes — el. cystica), of the extremities, especially the 
lower, as well as of the male and female genitals;—true keloid ; so-called scleroma 
of the skin ; the induration in the neighborhood of chronic ulcers; many cases of 
so-called tumor albus. In part also there belong here ichthyosis and horny growths, 
warts, and condylomata, many soft warts, molluscum simplex, neevus mollusci- 
forrnis. 

The remarkable case of a man covered at birth with innumerable soft warts, 
which reached the size of a dove’s egg, whose skin, tanned and stuffed, is to be 
found in the collection at Leipzig (Tilesitjs, Von Reinhardt's Disease, 1793), as well 
as the case which forms the frontispiece of Virchow’s GesehwiUsten. likewise belong 
under this classification. I know a man fifty years old, who bears a perfect resem¬ 
blance to the case above described : his affection is hereditary; a son of this man is 
troubled with the same disease. 

Keloid is a formation of the skin similar to a hypertrophic cicatrix, of varying 
size, 1 to many mm. high and of varying form, often with processes. Its resem¬ 
blance to cicatrix depends especially upon its whitish, bright surface and on the 
thinness and firm adhesion of the overlying skin. It occurs for the most part singly, 
rarely in numbers ; most often on the sternum and body. It occurs sometimes after 
local injuries of the skin, sometimes in or around a cutaneous cicatrix. Histologi¬ 
cally, keloid resembles in part cicatricial tissue, in part fibrous sarcoma. In the 
periphery there are found in the processes of keloid numerous nuclear spindle- 
shaped cells, which lie like sheaths on the walls of the vessels, especially those of 
the arteries ; the older central parts of keloid, on the contrary, contain much less 
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of these cells, but especially connective tissue.—Consult Alibert, Deter. d. null, de 
lapeau , 1814. p. 113.— Mem. de la soc. rued, d'emul., 1817, p. 744. — Follin, Gaz. d. 
flop., 1849, No. 75. —Langhans, Virch. Arch., XL., p. 332.— Koiin, Wien. med. 
Wschr ., 1871, Nos. 24-2(1. 

On riiinoscleroma consult Hebiia, Wien. med. Wschr., 1870, No. 1. —Geber, 
Arch. f. Dennat. u. Syph. , 1872, IV., p. 493. 

Hypertrophies of mucous membranes affect a greater or less extent 
of surface, the papillary layer only, or the entire tissue of the membrane 
(or simultaneously the sub-mucous tissue, intermuscular connective tissue, 
muscular and serous layers). With these there not infrequently occur 
haemorrhages, hypertrophy or atrophy of glands, etc. 

Here are included the simple thickenings of mucous membranes, especially after 
chronic catarrhs, polypous and plaited hypertrophy of mucous membranes, (e.g., on 
the internal surface of many bronchiectasia?), aud partly polypi of mucous mem¬ 
branes. The surface of these mucous membranes is (mostly in consequence of dila¬ 
tation of the glands) often covered with an abundant, transparent or pasty mucus. 
These hypertrophies, in one form or another, affect especially the mucous membrane 
of the nose, bronchi, stomach, large intestine, uterus, the decidua vera. 

Hypertrophies of fibrous membranes are found in periosteum and 
perichondrium as primary or as consecutive processes; likewise in muscle- 
fibres ; often in the dura mater (so-called pachymeningitis chronica), in the 
tunica albuginea of the testicles and ovaries, especially in old people, in 
the fibrous coat of the spleen, kidneys, in the neurilemma, in the sclerotic 
and cornea. Hypertrophies of tendons and ligaments, as well as of the 
connective-tissue portion of fibrous cartilage occur mostly in chronic 
inflammations and with like affections of the bordering parts, especially 
the bones. 

Hypertrophies of vascular membranes, of the pia mater and of the 
choroid plexus, of the iris, etc., often occur as general or partial clouding, 
thickening, etc. 

Kussmaul and Mater (Arch. f. klin. Med., 1806, I., p. 484) found in a clinically 
remarkable case (quickly arising general muscular paralysis with loss of electric 
contractility, severe pains, small subcutaneous tumors, etc.) peculiar thickening of 
numberless fine arterial branches, dependent upon new-formation of cells, nuclei 
and connective tissue in the adventitia and upon nuclei in the muscle-cells of the 
media: so-called pehi-arteiutis nodosa. Thereby the vessels are sometimes 
dilated as aneurisms, sometimes contracted. 

Hypertrophies of homogeneous connective-tissue membranes, as of 
the envelopes of the Malpighian bodies of the spleen, solitary and Peyer’s 
follicles, etc., also of the so-called membrame propria? of most racemose 
and saccular glands, testes, Graafian follicles, Malpighian bodies of the 
kidneys, urinary tubuli, liver, etc., occur frequently, rarely alone, for the 
most part with various chronic changes of glandular elements, surrounding 
connective tissue and capillaries. 

H ypertrophies of areolar connective tissue likewise affect the tissue 
in all localities: fat-tissue under the skin, that of the bones, in the ab¬ 
dominal cavity, etc., rarely alone, mostly at the same time with the overly¬ 
ing parts (e.g., skin, peritoneum), often in the neighborhood of chronic 
ulcers, fistula?, carious bones, etc. 

Sub-serous, sub-mucous, inter-muscular and inter-acinous connec¬ 
tive tissue, loose connective tissue in the vicinity of the large intestines, 
vessels and nerves, interstitial nerve-tissue, etc., show hypertrophies of 
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varying extent and degree, which rarely occur alone, but for the most part 
with chronic inflammatory processes in the surrounding tissues. 

Through hypertrophy of sub-mucous tissue there arises a condition of the gastric 
mucous membrane similar to the mammilated state : so-called granular degeneration 
of Fit eund. (Abh. d. schles. Ges. f. vat. GuMur ., 1862). 

In glandular organs (mammse, ovaries, liver, pancreas) there arise 
many so-called hypertrophies, indurations, cirrhoses, etc., which are of 
various forms, according to whether the whole connective tissue or only 
that of some parts, e.g ., in the mamma, in lymph-glands that of the liilus, 
is hypertrophic. At the same time the gland-cells are for the most part 
destroyed. 

In the mamma the affections of this class are called hypertrophies or innocent 
induration, or diffuse fibromata, also hard elephantiasis, cirrhosis, etc., if they affect 
the whole mamma; fibroid, fibroma tuberosum s. lobulare, if they are partial. The 
changes in the liver, spleen and kidneys in consequence of chronic diseases of the 
heart likewise belong here ; they are often combined with degenerations of glandu¬ 
lar elements. In connective-tissue indurations of lung-tissue, the connective tissue 
around the bronchi and vessels, as well as the interlobular connective tissue, is 
sometimes thickened to a great degree; from these connective-tissue fibres are seen 
to radiate into the alveolar tissue of the lungs themselves, so that the alveoli are, 
as it were, pierced by connective tissue. Cirrhosis proper of the liver and granular 
kidneys are of the greatest importance. 

C. ISTew-formation of vascular connective tissue in the form of con¬ 
nective-tissue TUMOR. 

New-formation of connective tissue and vessels occurs in almost ever* 
tumor. Both tissues form the capsule, or the pedicle, or the sheath (so- 
called stroma) of the tumor. Or they together form the greatest part of 
it. Only the latter new-formations here come under consideration. On 
their modes of origin, see p. 373. 

a. Tumor of fixed or formed connective tissue, so-called fibroma 

OR FIBROID. 

(Fibroma densum s. compactum, true connective tissue or fibrous tumor, 
fibrous tumor, desmoid, inoma; formerly called also chondroid, scirrhus, steatoma ) 

Solid fibroma consists mostly of distinct connective-tissue fibres, which 
are arranged in every possible direction, and on this account are with diffi¬ 
culty isolated, rarely of indistinct fibrous or wavy connective tissue : besides, 
of connective tissue corpuscles in varying abundance, of comparatively nume¬ 
rous vessels, and commonly also of elastic fibres. 

Fibromata are for the most part sharply circumscribed, rarely diffuse: 
in the latter case, they pass into connective-tissue hypertrophies. Their 
size varies from that of the smallest circumference to that of the uterus far 
advanced in pregnancy and more. Their form is round, rounded, or oval, 
etc.; their periphery uniform, knobby, or lobed. They are solid in section ; 
section is accompanied by a creaking noise. The cut-surface is even, shin¬ 
ing, for the most part whitish, rarely gray, grayish-red, yellowish-red, com¬ 
monly also without visible vessels. It is dry, or shows only a very small 
quantity of serous, sometimes slightly mucous liquid. It is concentrically 
laminated, sometimes uniformly, sometimes about one or more centi’al 
points, sometimes it is composed of irregularly intersecting fibre-bundles, 
25 
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sometimes it consists of variously formed parts separated by soft connective 
tissue. It offers mostly a distinct fibrous character; it is rarely entirely 
homogeneous. 

Billroth {Arch. f. Min. Chir. , IV., p. 545) refers the peculiar architecture of 
fibromata to the fact that they arise from nerve-sheaths and the adventitia of the 
smaller arteries; the nerves disappear, the arteries remain. By this it is explicable 
why in the uterus, nerves and vessels of which undergo a considerable change in 
dimensions during menstruation and pregnancy, and in whose sheaths there is a con¬ 
stant morphological movement, fibromata so often arise; why they are so rich in 
arteries, which bleed profusely after every injury, because they cannot retract; why 
many nerve-tumors pain only for a length of time or not at all, whilst the nerve-fibres 
are gradually destroyed. 

Fibromata occur on the trunk and extremities, proceeding from the skin 
(as elephantiasis tuberosa, etc.), from the subcutaneous and intermuscular 
connective tissue, from fascia, periosteum, bones, and bone-marrow; in the 
uterus and its vicinity, in subserous tissues chiefly, in submucous tissue, 
especially of the nose and throat, more rarely in that of the larynx, stomach, 
and intestines; in nerves (as common neuroma, and as so-called- subcuta¬ 
neous, painful tumor, or so-called irritable tumor); in glandular organs, 
especially the mamma, kidneys {nephritis interstitialis tuberosa ), etc.; very 
rarely in the liver, heart, etc. 

Fibromata occur in the skin almost always singly. They rarely return 
after extirpation. Only in some cases ai*e fibromata metastatic, especially 
in the lungs and serous membranes. Organs and tissues, which are the 
seat of fibromata, as well as the whole organism, suffer almost always only 
from the size of the tumor. 

Fibromata for the most part grow very slowly. 

The metamorphoses of fibromata affect one or many points, rarely the 
whole tumor. They are: ilemorrhages with consecutive pigmentation, 
perhaps also cyst-formation; calcification, not infrequently in some 
parts of the centre, more rarely in the periphery, it makes the consistence 
of the tumor sometimes only crumbling or chalky, sometimes of stony hard¬ 
ness ; ossification, rarely, for the most part only at points; fatty 
metamorphosis, whereby some parts of the tumor are yellowish and soft, 
sometimes cavernous; inflammation, sometimes with formation of abscess, 
more often with consequent ichor; sometimes with spontaneous elimination. 
Absorption of fibromata is very questionable. 

The combinations of fibromata with other forms of tumor are compara¬ 
tively frequent. They are either present from the beginning: so-called 
combination proper; or they are formed in developed fibroma: so-called 
degeneration. Especially noteworthy are : here and there new-formation 
of mucous tissue, fibroma myxomatosum (not to be confounded with oedema 
of the same.) ; lipomatous metamorphosis, fibroma lipomatodes, rare; 
new-formation of organic muscle-fibres, the earlier so-called fibroid (see 
Myoma); sarcomatous degeneration, which in its lightest degrees not in¬ 
frequently occurs in the form of striae, which consist of spindle-shaped cells 
lying close together, and sometimes affects the original, sometimes the 
recurrent (after extirpation) tumor (fibroma sarcomatosum) ; cavernous 
degeneration, whereby fibromata here and there or throughout are like 
the pregnant uterus; combination with cysts. 

b. Tumor of loose, or areolar connective tissue. 

So-called fibroma areolare s. laxum ; cellular tissue fibrous tumor (J. Mul- 
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i.er), connective tissue tumor (J. Vogel), albuminous fibroid (Sciiuii), fibro-cellular 
tumor (Paget). 

Areolar fibroma consists of bundles of vascular, fibrous, or homogeneous 
connective tissue, which presents spaces of varying number, size, and form, 
filled with serous or mucous liquid. It shows manifold transitions into 
solid fibroma and connective tissue hypertrophy. 

In many areolar fibromata there are found only spaces which correspond to dilated 
lymphatic vessels and to transitions of these into the normal vessels. 

Waldeyer (Arch. f. Gi/ricik., 1871, II., p. 440) describes a diffuse fibroma of the 
ovary, of peculiar construction: its cut surface bears a similarity to spongy bone 
with narrow meshes. 

Areolar fibromata are of very varying size, which is not infrequently 
considerable, and of a regularly rounded, uniform, or lobed form. Their 
surface is for the most part light-yellow and soft. The cut-surface shows a 
color and lobiug which correspond to those of the surface. The lobes are 
mostly separate from one another, here and there connected together. The 
surface of section sometimes resembles cedematous connective tissue and 
gives out an abundant quantity of liquid, whereby the tumor collapses, 
becomes firmer, and like common fibromata; sometimes it contains numer¬ 
ous cyst-like spaces. 

Areolar fibromata occur in circumscribed or diffuse form. The former 
are found in the skin and subcutaneous connective tissue, especially of the 
scrotum, labia majora, around the vagina, in intermuscular connective 
tissue, periosteum, in the bones of the extremities, in the uterus, mammae, 
etc. The latter occur oftenest in the skin of various parts, as so-called soft 
warts, molluscum lipomatodes, cutis pendula, fibroma molluscum, and as 
leontiasis; also as elephantiasis of the scrotum, prepuce, labia, clitoris, of 
the extremities, nose, ears; as well as, finally, in the submucous connec¬ 
tive tissue of the pharynx, nose, larynx, uterus, etc., in form of so-called 
polypi. 

Various metamorphoses (fatty, chalky, pigmentary) are vei’y often found 
in these tumors; also abscesses in various stages of development; or slight 
admixture of fatty, cartilaginous, sarcomatous tissues, etc.,.whereby the char¬ 
acter of the surface of section may become in the highest degree mixed. 
If the tissue last-mentioned occurs in greater quantity, the tumors become 
lipomata, enchondrornata, sarcomata, etc. 

c. Mucous tissue tumor, or mucous tumor, myxoma. 

Tumor mucosus, collonema, gelatmiform or colloid sarcoma. 

J. Muller, Arch. f. Anat. Phys., etc., 1836, CCXIX. —ViRcnow, Arch. , 1857, 
XI., p. 286 ; Die Geschwiilste, I., p. 396. 

Myxoma occurs pure or mixed with other tissues. 

Pure myxoma consists, besides, of a scanty connective tissue poor in vessels 
(but which may also be wanting), only of mucous tissue, i.e., of a mucous 
basis substance with stellate or spindle-shaped cells anastomosing with one 
another, or (in young tumors) with small round cells like mucous corpuscles. 

Pure myxoma forms soft, frequently fluctuating, translucent masses, for 
the most part poor in blood, which on section usually shows various septa 
of connective tissue, and a soft or firm gelatinous consistency, and by pres¬ 
sure there escapes a colorless, or pinkish and viscid mass. The tissue is. 
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according to its cell-contents, translucent, clear: myx. iiyalinum s. gela- 
tinosum,— or cloudy, whitish, even medullary: myx. medullare. 

Mixed forms of myxoma are : myx. fibrosum, which contains a more 
abundant connective tissue, or also elastic tissue; mxy. teleangiectodes, 
with abundant vessels; myx. lipomatodes, which by its fat-cells appears 
yellow, uniformly or in spots; myx. cartilagineum, which contains car¬ 
tilage-cells. 

Myxomata are more often hyperplasia:, less often heteroplastic forma¬ 
tions. To the former belongs especially myxoma of the placenta, the so- 
called vesicular mole, which consists in a hypertrophy of the mucous tissue 
of the tufts of the chorion, for the most part in the whole circumference of 
the membranes of the ovum. The tufts become converted into pedicled, 
vesicular forms, which vary in size to that of a cherry and larger, and which 
not infrequently have smaller tumors attached to them; the whole mass 
ma.) reach the size of a man’s head. Either there is no longer any trace of 
the foetus visible ; or in the interior of the whole mole there are yet to be 
found the remains of it, as well as of the amnion, umbilical vesicle and cord. 
Sometimes the tufts only of the chorion are degenerated into myxomata; 
the placenta otherwise normal, the foetus develops correspondingly with 
the time of pregnancy. 

With respect to many myxomata it is not to be distinguished, whether 
they are of hyperplastic or heteroplastic nature. To these belong those in 
the subcutaneous and intermuscular connective tissue, in fasciae—especially 
of the thigh, back, hand, cheeks, corners of the mouth, labia; also those in 
peripheric nerves; perhaps also in bones, especially in their medulla, es¬ 
pecially of the maxilla and tibia. 

Myxomata are heteroplastic in the interior and in the vicinity of glandu¬ 
lar organs (salivary glands, mammary glands, testicles, thyroid gland); less 
often those in the brain and its meninges, those in mucous membranes 
(urinary bladder), etc. Many myxomata which seem heteroplastic, are per¬ 
haps hyperplasias, while remains of mucous tissue from the foetal period 
persist, without, as normally happens, becoming transformed into fatty 
tissue. 

Myxomata mostly have the form of tumor; in rare cases they are diffuse 
(many so-called hypertrophies of the mammae). The tumors are mostly 
round and uniform, rarely lobed; they are for the most part small. They 
are mostly single; multiple sometimes only in the nerves. They rarely 
return after extirpation. They seldom form metastases. 


Myxoma of the placenta (so-called vesicular mole), long known clinically (Boivrx, 
Nouv. reck, sur Vorig. de la mole vedculairc, 1827), has been more accurately investi¬ 
gated histologically during the last ten years. Consult especially H. MOller, Ueb. 
d. Bau d. Molen, i847. Meckel and Gierse, Verb. d. Berl. geburtsh. Ges., 1847, 
II, p. 126. Blocii, Die Blasemnole, 1869. The vesicular mole occurs more fre¬ 
quently during the later years of life (40th-50th year). Its other causes are 
unknown. Aside from the destruction of the foetus, it becomes important through 
the haemorrhages during the expulsion, which sometimes are very profuse, through 
puerperal inflammations, etc. 

Jarotzicy and Waldeyer ( Vireh . Arch. , 1868, XLIV., p. 88) describe an intra- 
parietal and intravascular further development of chorion-tufts in myxomatous de¬ 
generation, and suppose, that by a longer intra-uterine existence of the mole (about 
the third month) a growth of the chorion-tufts into the blood-spaces of the uterine 
substance must take place.—V olkmann (lb., XLI., p. 528) earlier described a case 
of interstitial destructive mole-formation. 

Waldeyer (lb. , XLIV., p. 88) saw an arborescent myxoma of the SEMINAL duct, 
which was independently developed in the veins, the lumen of which was filled, and 
which formed a part of a myxo-chondro-sarcoma kystomatosum of the testicle. 
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A diffuse new-formation of mucous tissue, which occupied the greatest part of the 
gray substance of the cerebellum, was found by Billrotii [Arch. d. Ileilk. , III., 
p. 47). All small vessels and capillaries were surrounded by a thick adventitia, which 
consisted of mucous tissue. 

W. Muller ( Beob . d. path. Inst, zu Jena, 1871, p. 481) describes the myxomatous 
adenoma of the thyroid gland and determines its relation to the common gelatinous 
goitre (adenoma gelatinosum—see p. 330) and to colloid cancer. Myxomatous adenoma 
forms in the thyroid gland either sharply circumscribed and capsule-like deposits, or 
uniform infiltrations not sharply defined. The starting-point of myxoma-formation 
is, according to M., the adventitia of the smaller arteries. 

Weichselbaum ( Virch. Arch., 1872, LIV., p. 106) describes a great myxoma with 
secondary tumors of the lungs : in both localities were found also scattered isolated 
formations of cartilage and bone. 

On other modes of occurrence of mucous tissue, see Compound new-formations. 


D. Vascular tumor, or angioma. 

(Tumor vasculosus.) 

Consult the surgical works, etc., of J. Bell, Scnun, Cruveilhier, Rokitansky, 
and others, as well as Virchow, Geschio., III., 1 H., p. 306. 

Vascular tumors are characterized by this, that they, besides consisting 
of connective tissue and other common atrophic tissues of the place of origin, 
consist essentially of new-formed and of original, and for the most part of 
dilated vessels. The vessels contain blood, which flows more slowly and 
under higher pressure than in other vessels. 

The vessels of angioma are sometimes not distinguished from normal vessels by any¬ 
thing but their great number, sometimes they are dilated to various extents and 
thinned. There are no other known peculiarities in the structure of the vessels. 

Most vascular tumors, like their physiological types, possess the property 
of erectability, i.e ., under certain for the most part unknown conditions, 
also under the influence of heat or by contact, etc., they become lai-ger and 
harder, of a darker color and higher temperature, and also, in part, pulsat¬ 
ing. Angiomata are more frequently found single, rarely in small numbers, 
most rarely in great numbers. They grow sometimes quickly or slowly, 
until death, or until they have been cured ; sometimes they at length cease to 
grow; sometimes, finally, they retrograde spontaneously (without demon¬ 
strable processes, or by way of thrombosis, inflammation, and ulceration). 
They act by displacement of normal tissues injuriously in this, that they 
may give rise in the skin and mucous membranes to erosions and ulcerations, 
and thereby, not infrequently periodically, to hsemorrhages of dangerous 
magnitude. Sometimes they are painful. They very rarely return after 
extirpation. 

The mode of development of vascular tumors is still unknown. A portion of their 
vessels are original vessels greatly dilated. With respect to the remainder of the 
vessels, they probably arise in one of the ways described above (p. 375) as narrow 
vessels, which afterwards dilate. Their enlargement takes place probably through 
granulation-tissue. Many are formed by filling of the net-work of connective tissue 
corpuscles with blood (Neumann, Virch. Arch , XXI., p. 280). FLEiscnL ( Oestr . 
Jahrb., 1872, III., p. 229) agrees with Rokitansky in regarding the development 
and structure of cavernous tumors as analogous to that of the structure of cancer. 
The so-called capsule of angioma is a secondary formation. 

The causes of angioma are for the most part unknown. In some cases they are 
preceded by wounds. In others there is probably at first paralysis of the vaso¬ 
motor nerves. (The author, Arch. d. Ileilk. , XI., p. 305.) 


390 


ANGIOMA CAPILLAEE. 


Vascular tumors occur chiefly in three different forms. Besides, there is 
a lymphatic vessel tumor. 

a. Tumor of capillary vessels, or teleangiectasia proper. 

(Angioma capillare, erectile tumor, nsevus vasculosus.) 

It is almost always present at birth, or arises during the first days or 
weeks of life, rarely in the later years of life, but in the former case increases 
after birth most quickly in volume. It occurs oftenest in the skin, especially 
of the head, neck, and extremities, where they are sometimes located in the 
papillary layer (so-called burnt-mark, mole), sometimes in the entire corium 
and in the fat-tissue; it is comparatively rare in mucous membranes (es¬ 
pecially of the lips); still more rarein muscles, bones, especially in spongy 
bone-substance, in the tongue, in the choroid plexus, and in the brain. 

These tumors are in size from that of a millet-seed to that of the surface 
of the hand, or occupy a great part of the face or of one extremity, are 
more rarely circumscribed, mostly diffuse, flat, rarely tumorous, uniform or 
(especially in fat-tissue) lobed, mostly bluish-red, rarely bright or dark red, 
soft, and on section appear uniformly red or present some firmer, pale 
points, and quickly collapse. 

The microscope shows as the chief constituent tortuous, even cork-screw¬ 
shaped capillary vessels in the most varying arrangement, uniformly wide, 
or varicose or aneurismal, with normal or remarkably thick walls, passing 
into arterial or venous structure, often strongly contracted, even wholly 
empty, and on this account recognized with greater difficulty, besides filled 
with normal blood and rarely with fatty detritus; also small arteries and 
veins, which are not infrequently similarly thickened. The vessels are in 
many cases chiefly dilated veins : capillary vaiux, teleangiectasis venosa 
s. angioma varicosum. Besides, angioma contains connective tissue wavy 
or striped, with scanty nuclei, of uniformly slight or in places of greater 
strength. In the skin there is frequently found besides, fat-tissue (so-called 
teleangiectasia lipomatodes), sweat- and sebaceous glands, hairs with their 
follicles and not infrequently with thickened smooth muscles. Etc. 

The so-called glomerular tumor, tumor glomerulosus (Billroth), is probably only 
a very vascular villous cancer. 

b. Cavernous, or venous tumor. 

(Angioma venosum s. cavemosum.) 

It exists rarely at birth, but is for the most part acquired, in young and 
old individuals, and proceeds probably in many cases from teleangiectasia. 
It occurs most frequently in the liver, especially in its periphery, less often 
in the skin of all parts of the body, especially of the head (region of the 
ear, lips, eyes, especially in the region of the foetal commissure: so-called 
fissural angioma), not infrequently also simultaneously in the bordering 
mucous membrane; in the subcutaneous cellular tissue, especially in the 
cheeks and orbits, also the extremities; most rarely in the muscles (also of 
the tongue), mostly at the same time with the surrounding tissues, in 
bones, the spleen, kidneys, cerebral meninges, brain, etc. 

Cavernous tumors are mostly round, spherical, of varying size, in the 
liver from the size of a bean to that of a walnut. They are sometimes cir¬ 
cumscribed as if encapsuled, sometimes diffuse {ang. cav. circumscriptum s. 
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incapsulatum and cliffusum ): the former are for the most part smaller and 
rounder; the latter may become much larger and appear more Hat than 
tumors. It has the greatest similarity with the cavernous tissue of the 
penis and clitoris, with the erectile tissue in the mucous membrane of the 
turbinated bones, with the stroma of the hi l its of the ovary, partly also 
with the tissue of the placenta. After section, the blood is mostly evacu¬ 
ated, the tumor thereafter becomes much smaller and is represented by a 
grayish-red or gray, loose mass, which here and there sometimes contains 
older and fresh fibrinous coagula, and plileboliths. 

The microscope shows a more or less abundant, sometimes throughout 
tender, sometimes in places denser, sometimes throughout a denser net-work 
of firm or wavy connective tissue or organic muscle-fibres, the spaces of 
which contain blood, and thus in many ways they communicate with one 
another, so that no single vessel can be pursued. The spaces are sometimes 
provided with endothelium, sometimes not. The remaining elements of 
the original tissue (liver-cells, etc.) are in places atrophic or have altogether 
disappeared. The condition of the vessels in cavernous tumors is the same 
as that in the physiological types referred to: arteries, mostly very small 
and after extirpation difficult to find, conduct the blood into the cavernous 
spaces, from which it again flows into the lai-ge veins. 


Cavernous tumors of the liver, which are most frequently observed, communicate 
not with one large vessel, but with all the small vessels belonging to the degenerated 
part (vena portae as well as the hepatic artery). 

In the subcutaneous connective tissue new-formations sometimes occur similar to 
the cavernous tumors of the liver, but which are sharply circumscribed and are con¬ 
nected at one point with a larger vein (Cruveiliiier, 1. c. Esmarch, Virch. Arch., 
VI., p. 34). 

Arndt ( Virch. Arch ., LI., p. 506) distinguishes three forms of ampullar ectasia 
of vessels: 1, one, in which the whole capillary wall, the capillary tube and the 
adventitia are at the same time bulged out and blood flow-s into the dilatation— 
complete ampullary ectasia op THE vessels ; 2, one, in which only the ad¬ 
ventitia is distended and in the distended part are found only lymph and lymph- 
corpuscles; 3, one, which is intermediate between the two former, while both 
tunics to a certain extent project independently, but are unequally dilated and so 
project into one another, that the vesicles thus formed contain lymph and blood 
beside one another, although separated. Both of the last forms are termed by A. 
INCOMPLETE AMPULLAR ECTASIA OF THE VESSELS, the former ADVENTITIAL 
ECTASIA. 


Angioma venosum in the narrower sense passes in many ways into 
venous teleangiectasia ancl is oftenest found in the liannorrhoidal plexus as 
external or internal or mixed (sub-cutaneous, or sub-mucous, or half sub¬ 
cutaneous, half sub-mucous) luemorrlioidal tumors, less often in other parts 
(urinary bladder, etc.). 

c. Arterial vascular tumor 

occurs as aneurysma anastomoticum, tumor vcisculosus arterialis, i.e. , a 
dilatation and elongation, in parts probably also new-formation of the 
smallest arterial branches of a definite region, especially of the branches of 
the temporal and occipital arteries ; and as 

Aneurysma oirsoideum s. varicosum s. racemosum, varix arterialis, 
i.e., dilatation and elongation of both large and small arterial trunks and 
their branches. It occurs in the same parts. In both cases there are 
found transitions into teleangiectasia. 

O 
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d. Lymphatic angioma 

consists in a dilatation of the lymphatic vessels analogous to aneurysma 
cirsoideum. Until now it has been rarely seen, mostly only in combination 
with elephantiasis, etc., in the skin, lips, conjunctiva, tongue, but occurs 
more frequently with chronic inflammations (of the skin, serous mem¬ 
branes, dura mater cerebri). 

The liquid flowing out of a cavernous lymph-tumor during life was yellowish, 
clear, of alkaline reaction and soon stiffened into a translucent pale jelly. It con¬ 
tained in 1000 parts 078 water. 8.1 ash, 1.0 fibrin, 1.2 globulin, 5.5 serum-albumen, 
5.5 casein, 2.2 chloride of sodium. 1.0 sulphuric acid, 0.2 phosphoric acid and 0.2 
lime. (Gjokgjewic, Arch. f. Id. Chir., 1870. XII., p. 641.) 

As lymphangiomata op THE kidneys, Heschl (Wien. med. Wochenschr.. I860, 
No. 31) describes sharply defined tumors, from a very small size to that of an apple, 
which have a lobed surface and very loose consistence, are reddish yellow on section, 
present free yellowish fatty substance, after the removal of which there remains a 
finely-filamentous stroma, rich in vessels. The microscope shows sacs arranged 
parallel with the bloodvessels, which partly anastomose and are filled with molecular 
fat and granules ; the urinary tubuli are compressed. H. regards the tumors as not 
merely lymphatic ectasiae, but as in part independent formations. 

Consult also Klees (IMb. d. path. Anat., p. 471). 

Koster ( Wiirzb. Verb., 1872, III.) showed that a tumor appearing as hygroma 
cysticum colli congenilum was a lymphangiectasia. Arnstein ( Virch. Arch ., 1872, 
L1V., p. 319) found in a case of macro-glossia no new-formation of muscle, but the 
structure of “ lymphadenoma cavernosum.” 

Biesiadecki {{Inters.. 1872, p. 11) describes a case of numerous tumors of the 
skin, which consisted of dilated lymphatic vessels filled with colloid substance. 

Many cases of so-called cylindroma probably belong to the class of vascular 
tumors. Hirschfeld {Arch. d. Ilcilk ., 1871, XII., p. 167) proposes for it the name 
of angioma mu cosum proliferum. 

Concerning so-called plexiform tumors vide infra. 

E. New-formation of vascular connective tissue in form of papill.e 

WITH EPITHELIAL COVERING. SO-CALLED PAPILLARY, OR VILLOUS TUMOR. 

Papilloma. 

Ecker, Arch. f. phys. IleAlk.. 1844, p. 380.— Rokitansky, Lehrb. d. path. Anat ., 
1855, I., p. 170.— Billroth, Virch. Arch.. 1859, XVII., p. 357.— Virchow, Verb, 
d. Berl. Ges. f. Gebrtsh ., IV. ; War zb. Vcrh ., I. ; Die krkh. Geschw., I., p. 334. 

Papillary^ or villous tumors, analogous to the vascular papillae of the 
skin, villi of the intestines, etc., consist of a for the most part vascular 
body of connective tissue, rarely of mucous tissue, and of a layer of epi¬ 
thelium. 

The connective tissue body is single or in the most varying manner 
branched ; it is, compared with the whole tumor, thin or thick. The ves¬ 
sels of the tumor consist of a single capillary loop or of a larger afferent 
and efferent vessel with intervening capillary net-work; the tumors are 
rarely entirely without vessels. The epithelial layer corresponds on the 
whole with that of the portion of skin or mucous membra i from which 
the papillary tumor arises: it consists sometimes of pavement epithelium 
of varying thickness (on the skin), sometimes of cylindrical epithelium in 
one or many layers, or of a kind of transition epithelium (on mucous mem¬ 
branes, etc.). 

Papillary tumors occur chiefly on the surface of the skin and of various 
mucous membranes provided with papillae or villi; indeed they are found 
in mucous membranes without villi (stomach, urinary bladder) and in new- 
formations. 
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The origin of papillomata varies. In normal parts containing papilla;, 
they proceed, mostly from a simple hypertrophy of all or single parts of the 
papillae. In parts without papillae, there is at first a growth of the con¬ 
nective tissue and vessels; sometimes the vessels later grow into the at 
first homogeneous basis substance, analogous to the formation of villi on. 
the upper surface of the chorion. The epithelium covering the papillomata 
is always increased on the tumor: therein it sometimes shows the same 
conditions as in the normal skin or mucous membrane, sometimes there is 
a comparatively greater quantity of it. It originates doubtless from the 
pre-existing epithelium of the part affected. 

Auspitz {Arch. f. Derr-mat. u. Syph., 1870, II., p. 25) assumes the contrary mode 
of formation of papillomata. From many observations on the development of 
normal skin he concludes, that in the origin of the papillary layer, as in that of the 
glands and hair-follicles, the epidermis plays an active role, that the papillary struc¬ 
ture is caused by the active growth of processes inward from the epidermis into the 
connective-tissue stroma : the papillary boundary of the cutis is formed by the 
pushing forward by the epidermis of top-like processes into the skin. According to 
A., papillomata (warts, condylomata, etc.) also arise by an active process in the 
rete, in consequence of which there results a growing inward of the hypertrophic 
Malpighian layer into the likewise more or less hypertrophied stroma. The papillae 
of the cutis have therein only a passive function; their elongation as well as their 
dendritic form is dependent upon the hypertrophy of the epidermis, while the eleva¬ 
tion of the skin as a whole occurs from the hypertrophy of both, epidermis as well 
as stroma. 

The causes of papillary tumors are in most localities irritants of every 
kind; in mucous membranes they arise sometimes in consequence of 
chronic inflammations. Sometimes the causes are unknown. 

I saw in a girl, 22 years old, suffering from chronic pulmonary tuberculosis, about 
200 true warts, of the size of a pea, appear chiefly on the throat, neck and upper 
part of the breast; the face and hands were free. After a year there was an 
eczema-like eruption on the anterior surface of both legs, formations, close together 
and like warts of the size of a lentil, which remained little changed for 20 years. 

The consequences of papillomata vary with their locality : pressure upon 
the subjacent skin, narrowing of the canal inclosed by the affected mucous 
membrane, ulceration, haemorrhages. 

Papillary tumors are commonly divided into hard and soft. 

Hard papillary tumors consist of a thick, in proportion to the epithe¬ 
lium, single or branched connective-tissue body with comparatively few 
vessels; or of a thin short connective-tissue body with abundant epithelium 
forming a horn-like mass. They occur chiefly on the skin, rarely on 
mucous membranes with laminated pavement epithelium. To this class 
belong common warts, horns, ulcerating warts, condylomata of the skin, as 
well as the rare hard papillomata of mucous membranes. 

Warts op the skin, common warts, consist of a comparatively thin, moderately 
vascular, connective-tissue body arising probably from one or many vascular papillae, 
which are surrounded by a very thick layer of epidermis. The warts are hemi¬ 
spherical or consist of single papillae, according as the latter are or are not sur¬ 
rounded by a common homy layer. Their most frequent seat is the hands. 

In warts are included also most cutaneous HORNS, i. e ., all those, which at their 
base contain vascular papillae. 

The so-called moist or ulcerating warts, which occur most often on the lips, 
and because of their character as well as because of their seat are confounded with 
epithelial cancer, have a structure like that of common warts, but mostly with a 
larger area (sometimes a square inch and more). They assume their peculiarities 
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either at once after their formation, or after having existed for years as common 
warts. At first the tumor is better supplied with blood, its surface moistens, the 
epidermal cells are thrown off, the papillae become more distinct, then ulcerate and 
are destined. At the same time degeneration progresses in the periphery always 
beyond the limits of the skin, while the centre continuously secretes an offensive 
, purulent liquid, which flows off or forms crusts. Cicatrization rarely begins from 
the centre. 

Common or pointed condylomata, moist warts, cond. acuminatum ., consist 
of a more or less regularly branched body of fibrous or homogeneous connective tissue 
with a tortuous and tolerably wide capillary vessel in every branch, and of a thin, 
easily removable epidermis. The remaining varieties of condylomata are dependent 
upon their size, upon the degree of moisture of their surface, and especially upon 
their seat on a free portion of skin or near a mucous membrane^ or on such, or be¬ 
tween folds of the skin, etc. The seat of condylomata is chiefly the vicinity of the 
male and female genitals (neck of the glans, fore-skin, labia minora, inner surface 
of the labia majora) and of the anus. According to Kranz (1). Arch. f. ldin. Med., 
II., p. 79), papillomata are induced as well by the secretion of moist papillomata 
(fresh condylomata), as also by small portions of them introduced under the prepuce 
or inoculated into the skin of healthy persons, which papillomata may in two to 
three weeks become as long as 1 mm. 

To this class belong also the similar, but flat sessile tumors of the skin which are 
congenital or acquired: porrus, verruca sessilis. 

The transition of luxuriant granulations into papillomata forms the fungus-like 
papillary tumors (Kobner), framboisia non syphilitica s. dermatitis pupiUomatosa 
(KoriN). 

Hard papillary tumors of mucous membranes show manifold transitions 
into soft papillomata. Their structure shows nothing worthy of note : their dense 
granular appearance is dependent chiefly upon the abundant pavement epithelium 
surrounding their moderately vascular and moderately developed connective-tissue 
body. They are found in the oral cavity, on the uvula, in the oesophagus, in the 
nose, on the vocal cords, in the male and female urethra, in the vagina, on the 
cervix uteri, etc., and also on mucous membranes provided with cylindrical epithe¬ 
lium, as the gall-bladder and ducts, milk-ducts—thus in parts, which in the normal 
state contain papillae, as well as in those which normally have no papillae. . 

Soft papillary tumors, villous tumors 
consist of tender, single or branched connective-tissue bodies, which 
contain very numerous and for the most part wide capillaries, and are 
covered by a single or multiple, easily separable layer of pavement or 
cylindrical epithelium. They appear sometimes as true villous tumors, 
sometimes as spherical or lobed or polypous, soft masses rich in blood, 
whose villous character appears only after separation of the epithelial layer 
uniting all the extremities of all the villi. Their seat is mostly the other¬ 
wise normal (only penetrated by dilated vessels) mucous membrane. Villous 
tumors occur in the urinary bladder, in the vagina, especially in the 
vaginal portion (so-called cauliflower growths), in the stomach and intes¬ 
tines, especially the colon, rarely on the internal surface of the dura mater 
and on the pia mater and arachnoid. They give rise, according to locality, 
sometimes to pressure, sometimes to contraction of the affected parts, but 
especially to haemorrhages, and not infrequently are followed by a fatal 
termination. 


II. new-formatiox of endothelium. 

His, Die Haute u. Hidden des menscld. harpers., 1865.— Kindfleisch, Virch. 
Arch., 1862, XXIII., p. 523 ; Lehrb., p. 201.—The numerous and more recent works 
on connective tissue and lymphatic vessels. 

Endothelium forms either the internal surface of saccular or tube-like 
expansions of connective tissue; or it lies between the bundles of looser 
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connective tissue. In the former locality it is represented by a connected 
single layer of flattened (poor in protoplasm), rarely rounded, for the most 
part 5-6 sided cells. To these belong serous sacks, articular capsules, 
mucous bursae, also the endocardium, blood- and lymph-vessels, the wall of 
the blood- and lymph-capillaries. In the last the endothelia are the former¬ 
ly described fixed connective tissue corpuscles. Endothelium has its origin 
neither from the external nor from the internal germ-layer, like true epi¬ 
thelium, but like all connective tissue and vessel-elements from the middle 
germ-layer. 

According to the experimental and pathologico-anatomieal observations of Iv UN- 
drat and Durante (s. p. 250), as well as of Waldeyer ( Virch. Arch., XL., p 379), 
the endothelium of the vessels and serous membranes may, during a state of irrita¬ 
tion, send out fibrillar processes which coalesce with one another. 

A new-formation of endothelium occurs in form of regeneration, hyper¬ 
trophy and tumor. It affects either only endothelium, or at the same time 
the subjacent connective tissue. 

A. Regenerations of endothelium. 

These occur partially in most cases very often, partly after wounds, partly 
after inflammations, etc., perhaps as a physiological process. The more 
immediate histological conditions are unknown. 

B. Hypertrophies of endothelium. 

These occur rarely pure, almost always with those of tne suojacent con¬ 
nective tissue. 

Pure endothelial hypertrophies are sometimes found in hypertrophies of 
the skin, etc., in the lumen of normally wide or dilated, old or new-formed 
lymph-vessels. (See pp. 3S3 and 392.) 

Hypertrophies of serous and synovial membranes occur sometimes 
alone, sometimes simultaneously with inflammation (with so-called fibrinous 
exudation). They are represented either as milky or tendinous spots, and 
are then for the most part poor in. vessels. Or they have the form of fila¬ 
ments, strings, membranes, etc., which consist of the same substance as the 
serous membranes themselves, and almost always of abundant bloodvessels 
(sometimes even lymphatic vessels and nerves). They occupy sometimes 
only one layer of a serous membrane, sometimes both, with consecutive 
growth of the same: so-called pseudo-membranes, adhesions, synechi.e. 
(See p. 270.) The growth of serous sacs diminishes the free movableness of 
the affected organ, which for the most part is followed by diminished func¬ 
tion ; those of the joints furnish the conditions of so-called anchylosis. 

The hyperplastic development of connective tissue in continued dropsical effusions 
proceeds in part from a moderate increase of thickness of the serous membrane, but 
especially from another character of their fibres; the latter are stiffer, less distensible, 
less affected by chemical reagents, with unequally increased refraction of light (so- 
called. sclerosis : Virchow). For the latter reason they have a milk-white color. 
(Rindfleisch, Lehrbuch, 1 Ed., p. 218.) 

Hypertrophies of the endocardium (and of the valves of the heart), 
of the intima of the arteries, rarely of the veins, have for the most part 
the form of tendon-like deposits, rarely and only in the two former localities 
that of papillary excrescences. In the former form they constitute the most 
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essential change in the so-called deposit-process of arteries, and, after the 
appearance of fatty and chalky metamorphosis, etc., the so-called atheromat¬ 
ous process. 

Many so-called valvular diseases of the heart arise without any inflammatory phe¬ 
nomena ; perhaps they depend upon a hypertrophy of the connective tissue of the 
valves with consecutive cicatricial retraction. 

The histological conditions of all these hypertrophies are essentially the 
same as hypertrophic formation of common connective tissue, but are not 
yet exactly known. Also cicatricial contraction not infrequently occurs, 
and in the valves of the heart is especially important. 

Consult Buhl. Ber. d. Bnyr. Acad., 1863, II., p. 59.— Rindfleisch, 1. c.— Lang- 
iians, Virch. Arch., XXXVI., p. 187. 

According to Traube (-Hehtel, Bed. kliti. Wchschr., 1871, No. 30-32), arterio¬ 
sclerosis depends upon a migration of colorless blood-corpuscles through the endothe¬ 
lium into the spaces between the striped lamellae of the iiitima, and upon a metamo v - 
phosis of these into spindle-shaped and stellate cells. 

Many hypertrophies of the endothelium and subjacent textures are repre¬ 
sented as so-called dendritic vegetations, i.e., as for the most part small, 
hard, filamentous or villous formations, usually poor in vessels. They occur 
as the known arachnoidal tufts or Pacchionian granulations; also in serous 
membranes, especially the pleura, in joints, on the semilunar valves of the 
aorta and pulmonary artery. Most of the free bodies of the cavities of 
joints and the vaginal tunic of the testicle are in organic connection with 
those of the serous membranes, until this connection is finally dissolved. 

C. As TUMOR-LIKE NEW-FORMATIONS OF ENDOTHELIUM (if we exclude 
those of the vessels and vegetations) may be regarded many so-called 
anomalous mucous bursse over the projections of the spine, amputation- 
stumps, club-feet, old luxations, etc. Also to this class belong many sarco¬ 
mata and carcinomata, which arise from a growth of the endothelium of 
the lymphatic vessels. 

According to Boll {Arch. f. micr. Anat.. 1871, VII., p. 275), all, even the smallest 
clefts of connective tissue, are lined by endothelial flat cells, and form, so to speak, 
the smallest serous spaces. This explains the formation of accidental mucous bursae 
and serous cysts in connective tissue. 

Concerning the origin of accidental mucous bursae, see Virchow, Geschio., L., p. 
194. 


III. NEW-FORMATION OF NEUROGLIA. 

Virchow, Ztsclir. f. Psych., 1846, p. 242; Ges. Abh., pp. 688 et 887; Arch., III., 
p. 245; V., p. 592; VI.. p. 136; VIII., p. 540; Die krankh. Geschwiilste, II., p. 
123.—Observations by Weickert, SciiOppel, and others. —Consult also the works 
of Bidder and Kupfer, Stilling, Lenhossek, Jacubowitscii, Goll, Fro.mmann, 
Frey, Deiters, Gerlacii, Meynert, Boll, and others. 

Neuroglia, nerve-cement is the connective-tissue-like substance, which 
in the brain, spinal cord, and in the nerves of higher sense forms a for the 
most part very delicate net-work, in the spaces of which lie the nerve-fibres 
and ganglion-cells. This is according to the locality sometimes densei - , 
resembling a nucleated connective tissue net-work (thus in the ependyma of 
the ventricles of the brain); but sometimes and most frequently it is so soft 
that it appears entirely amorphous or finely granular. In the latter case 
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there lies in a for the most part very scanty basis substance, exhibited only 
by hardening in alcohol, etc., a very fine net-work, rounded or spindle- 
shaped or branched cellular parts, which, however, are so brittle that they 
for the most part appear only as nuclei. 

The NEW-FORMATION of neuroglia is diffuse as hypertrophy, and occurs 
in form of tumor. Its regeneration is not certainly known. 

A. Diffuse hypertrophy of neuroglia. 

This is often found in the ependyma of the ventricles as an uniform or 
granular hypertrophy of it; it is more rarely extended over the whole brain 
or only over some sections of the brain, as so-called cerebral hypertrophy 
(interstitial hyperplasia). 

Hypertrophy of neuroglia occurs from various, quite unknown causes, mostly with 
change of'the same. The neuroglia either increases simply in quantity, its character 
is unchanged ; or its nuclei are increased to various extents; or it is translucent like 
horn, grayish-yellow, like dull glass, stiff; or, finally, it is more or less distinctly 
fibrous. The nerve-fibres, the processes of the ganglion-cells and the cells them¬ 
selves, remain therein sometimes normal, sometimes they are separated from one 
another, deprived of their contents, etc. At the same time granular cells often arise, 
corpora amylacea, pigment-masses. The affection is acute, sub-acute, and chronic. 
It affects chief!}' the ependyma, the medullary substance of other portions of the 
brain, the medulla oblongata, the spinal cord. It is met with in the various forms of 
so-called hypertrophy of the brain and spinal cord, in so-called scleroses, indura¬ 
tions, and many atrophies of these; in the parts of brain surrounding tumors, also in 
paraplegias and general paralyses, especially in paralytic imbecility, in many chronic 
diseases of the mind, etc. (Rokitansky, Lehrb. d. path. Anat ., II., p. 430.) 

B. Neuroglia-tumor, glioma. 

This consists of neuroglia without participation of nervous elements. It 
is found oftenest in the brain, especially in the medullary substance of the 
posterior and anterior lobes, as well as on the surface of the cerebrum and 
in the ependyma of the ventricles (here especially in chronic hydrocephalus). 
It forms for the most part single, rarely multiple, sometimes small (espe¬ 
cially on the ependyma), sometimes large (of the size of the fist and larger) 
tumors, which are usually not sharply defined; they are mostly very soft, 
easily crushed, of an appearance like that of the cerebral medulla, more 
rarely of a reddish color; they are rarely (especially on the ependyma) 
throughout solid or only in the centre, even as hard as cartilage, without 
vessels. These distinctions depend upon the relation of the cellular ele¬ 
ments to the intermediate substance, as well as upon the vascularity: 
soft, rich in cells, medullary— hard, fibrous—teleangiectatic glioma. 

The microscope shows the characters of normal neurogiia; besides these 
often occur, especially around the vessels, long, fibre-like cells, as well as 
(in the ependyma) corpora amylacea. 

Cerebral gliomata never extend to the cerebral meninges. They are some¬ 
times congenital, sometimes the result of injuries. 

The first growth of cerebral glioma is mostly slow and without symptoms. Also 
its farther course is mostly slow, except with increased vascularization. The conse¬ 
quences of cerebral glioma are, besides those common to every other tumor : conges¬ 
tions with symptoms of cerebral pressure or cerebral irritation; apoplectic phenomena; 
dropsy of the cerebral ventricles (in consequence of pressure on the veins). 

The METAMORPHOSES of glioma are : hemorrhages; fatty metamorphosis of cells, 
whereby sometimes cavities, like foci of yellow cerebral softening, sometimes cystoid 
spaces arise ; ossification. Healing is perhaps possible through fatty degeneration. 

Gliomata show in part combinations with other new-formations, especially sar 
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coma and myxoma; in part TRANSITIONS to myxoma (myxo-glioma), to fibroma 
(fibro-glioma), to partial scleroses of the cerebral substance (Roihn's scleroma). 
Their external appearance may, according to the kind of glioma, bear a similarity to 
acute encephalitis (red softening of the brain), to simple cerebral haemorrhages, to 
yellow softening, to sarcoma, tubercle, cancer, etc. 

To the gliomata belong, according to Virchow (Die Jcrkh. Geschw., II., p. 148), 
perhaps also: the so-called hyperplasias of the pineal gland ; the partial hyperplasiae 
of the medullary substance of the supra-renal capsules ; some congenital sacral tumors; 
some tumors of the nerves of higher sense, especially of the auditory; some tumors 
of the retina, but which afford in part transitions to sarcoma and medullary fungus ; 
some so-called medullary tumors of the kidneys, which occur sometimes with inter¬ 
stitial nephritis. 


IV. NEW-FORMATION OF FATTY TISSUE. 

We rn mann, De steatomat., Mainz, 1817.— Forster, Virch. Arch., 1857, XII., p. 
197.— Furstenberg, Die FettgeschwuUte der Thiere, etc., 1851.— Virciiow, Arch., 
1855, VIII., p. 537; XI., p. 281; Die krkh. Geschw ., I., p. 364.— Czajewicz, Arch, 
f. Anat., Phys. , etc., 1866, p. 289.— Flemming, Arch. f. micr. Anal., 1870, VII., p. 
82.— Toldt, Wien. acad. Sitzgsber., Juli, 1870. —Voit, Z. f. Biol., 1866, II., pp. 6, 
189, et 307. —Hofmann, lb., 1872, VIII., p. 153. —Tomsa, Arch. f. Dermal, u. Syph ., 
1873, V., p. 1. 

New-formed fatty tissue is, like normal fatty tissue, represented by 
connective tissue, whose corpuscles are transformed, by the taking up of fat, 
into large, round, spherical cells. New-formed fatty tissue proceeds only from 
fatty or connective tissue (or from mucous tissue). It consists of a vascular 
framework of connective tissue, poor in connective-tissue corpuscles and 
elastic fibres, which, as in normal fatty tissue, forms lobules or is clustered, 
and of the therein stored fat-cells. 

According to Ranvier (Compt. rend., 10th July, 1871), fat-cells are, by injection 
of acidulated solution of nitrate of silver (1 : 1000) into the subcutaneous fat-tissue, 
divided into three parts: an enveloping membrane, a thin protoplasma-layer with 
lenticular nucleus, lying immediately against the membrane, the central fat-drop. 
By imagining the latter absent, there is left a flat cell similar to common connective- 
tissue cells. 

New-formation of fat-cells rarely takes place by division of the oi’iginal 
fat-cells, but from the original or by division of the multiplied corpuscles of 
connective or mucous tissue, by absorption of fat. New-formed fat-cells 
are, like those of young individuals, at first small; later the} 7 become larger, 
like normal fat-cells; at the same time the old fat-cells are almost always 
greatly enlarged. New-formation of connective tissue and vessels follows 
in the usual manner. 

The mode by which fat enters the cells has been exposed by Flemming as follows. 
The fat or fat-furnishing material circulates in the blood in the form of a dissolved 
compound, and transudes also in this form. If the solution leaves the vessel, it be¬ 
comes decomposed, and fat is precipitated : thus free fat-drops in the tissue. Where 
a cell-body is saturated by the solution, fat is precipitated in it, perhaps with especial 
energy, and where this continues there is formed a fat-cell. The fixed cells of the 
adventitia of the vessels and the fat-cells there to be found, accidentally also some 
migratory cells, are at first continuously bathed in this solution. That the fat deposit 
always occurs only in small areas, is probably due to local dilatations of vessels : from 
these transudation is greater than from narrower vessels, on account of the retarda¬ 
tion of the current in the former. This view is favored also by the relatively large 
number, and the almost constant occurrence of migratory cells in the vicinity of the 
fat-forming areas. 

New formation of fat-tissue is often observed, and in various forms. 
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A. Regeneration of fatty tissue 

occurs with extraordinary frequency. It consists in the new-formation of 
all its elements. This has not yet been especially demonstrated, but with 
great probability is conjectured from the external condition of cicatrices 
of fatty parts. It is, however, at all events only slight. 

Or, regeneration affects only the fat, while the remaining elements (cell- 
membrane, with nucleus, connective tissue, and vessels) are preserved. This 
occurs after common acute or chronic emaciations, in the subcutaneous, 
etc., fatty tissue, as well as in the cavities of the body and fat-containing 
marrow of bones. In these cases the cells, simply atrophic or filled with 
serum, are again filled with fat. If in the meanwhile the connective tissue 
also is metamorphosed into mucous tissue, the latter again becomes fibrous. 

B. Hypertrophy of fatty tissue 

is sometimes circumscribed, representing gradual transitions to fatty tumor, 
sometimes generally distributed over the whole body. 

a. Circumscribed, non-tumorous hypertrophy of fatty tissue, 
occurs most often as a secondary process in the vicinity of and within atro¬ 
phic organs, e.g., on one or both kidneys (in atrophy after pyelitis, in so- 
called granular atrophy); in the medulla of bones, where it forms to a certain 
extent the normal process of age, and also in bones not at all or little used ; 
in the muscles of one or more members, as so-called muscular hypertrophy 
(lipomatosis musculorum progressiva). 


In bones, atrophy of the bone-tissue is always the primary, fat-increase the secon¬ 
dary affection. In very rare cases there occurs a pathological so-called hypertrophy 
of the muscles of the extremities with diminished function. This depends only upon 
a diffuse new-formation of fatty tissue between the muscle-elements, with gradual de¬ 
struction of the latter. (Griesingek, Arch. d. Heilk ., 1865, VI., p. 1. — Seidel, 
Die Atrophia muse, lipom., 1867. — Bartii, Arch. d. Heilk., 1871, XII., p. 121) 
According to Knoll ( Oestr. Jahrb ., 1872, p. 1), lipomatous muscular atrophy con¬ 
sists' in considerable fatty or connective-tissue growth of the interstitial muscular 
tissue, in hypertrophy of single, and in simple, tatty, etc., atrophy of many muscle- 
fibres. With Duchenne, Knoll calls the disease pseudo-hypertrophic paralysis. 


These cases form the transition from fatty-tissue hypertrophy to fatty 
tumor, where the fat around an organ increases and thereby forms a 
tumor, which appears to belong to the oi’gan as such : lipoma capsulare. 
Examples are afforded by the intra-orbital fat-tissue, fat in the vicinity of 
the pericardium, kidneys, especially in atrophy of the latter, fatty tissue 
hypertrophy of the normal, or enlarged, or atrophic (by inflammation or 
scirrhus) female mamma, similar hypertrophy in lymph glands; also fatty-tis¬ 
sue hypertrophy of the omentum in a hernial sac (omental lipoma), the same 
in the course of hernial sacs, but without the presence of a hernia, hypertro¬ 
phy (so-called hernia lipomatosa), as well as fatty-tissue growth in the vi¬ 
cinity of a hernial sac ( lipo-ma liemiosum capsulare). 


Fatty hernia (liparocele, hernia adiposa) is a circumscribed fatty tumor, for the most 
part enveloped by a membrane, which by its locality, mode of origin, etc., resembles 
intestinal hernia, and proceeds either from the sub-peritoneal connective tissue or is 
immediately connected by a pedicle with the peritoneum, and is usually pressed 
through one of the known hernial openings, most frequently through the linea alba. 
Fatty hernias have their origin either from the metamorphosis of a primary hernial 
sac, or they are not connected with it, but in form and character resemble a hernia, 
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or they are the cause of the secondarily formed protrusion of the peritoneum. 
(WeRNHER, Virch. Arch., 18G9, XLVII., p. 178.) 

b. Obesity, pimelosis, polysarcia, lipomatosis universalis. 

The causes of obesity are partly predisposing, partly exciting. 

Among the predisposing causes the most important is hereditary dispo¬ 
sition : it is manifested sometimes already in the earliest years of life, 
sometimes after the twentieth, most frequently about the fortieth year. 
The determining causes are, on the one hand, increased supply of nutritive 
material, especially with a preponderance of vegetable and fatty food, often 
at the same time with the free use of spirituous liquors ; on the other hand, 
lessened consumption of the body (bodily rest, phlegmatic temperament). 

The determination of the causes of obesity, since these as so-called fattening are 
physiologically and agriculturally important, has during the last ten years called 
forth many works. This began with Liebig’s demonstration that in the feed of 
cows, geese, etc., there was not enough fat to furnish that secreted with the 
milk or the fat which had been deposited That a food abundant in fat, whether 
the source of the fat is animal or vegetable, induces obesity, is firmly established : 
and yet the more immediate conditions are still not entirely and with certainty 
known. According to many (Toi.dt, Subuotin, and others), a direct passing of fat 
in an unchanged state out of the intestinal canal into fatty tissue does not take place ; 
but all fat has its origin from the albumen consumed. For, since the blood never 
takes up a considerable quantity of fat, ALT. the fat taken up from the intestine must 
always be consumed ; the excreted carbonic acid must then correspondingly rise and 
fall with the amount of fat in the food. But Radziejewsky’s observation, that 
none or only a trace of foreign fats, not occurring in the organism, is deposited, if 
even the feeding had been continued for a long time, cannot be extended to the fats 
commonly found in animal bodies. A certain quantity of the latter remains in the 
body, dependent upon the size of the daily supply and the consumption during rest 
or work. Thus the fat of the food contributes to the fatty state of the animal or¬ 
ganism (Hofmann). Besides, fat reduces the consumption of albumen and limits 
the taking up of oxygen. 

It is farther established, that the surplus of animal and vegetable albuminates 
taken up leads to fat-formation (Hoppe, Pettenkofeu-Voit, Kemmerich, Subbo- 
tin, Hofmann). This probably occurs by their being divided into non-nitrogenous 
(fat, sugar) and into nitrogenous complex atoms; the latter are converted into urea, 
etc., especially in the urine, while the former partly are oxidized to become carbonic 
acid and water, partly—on account of the want of oxygen—remain as fat in the body. 
Proofs for this fat-formation are furnished by fattened animals and milking cows; 
the fat and albumen of the nutriment supplied is not sufficient to afford the fat, or 
milk. (See also p. 301.) 

Physiological and chemical proofs of the formation of fat from the hydro-carbons 
(Liebig) are wanting. Sugar, starch, etc., are. however, indirectly important with 
respect to the formation of fat, whilst they oxidize more easily than fat, and thereby 
the fats formed from the albuminates are protected from decomposition (Petten- 
kofer-Voit), whilst in the working animal they are oxidized, and thereby furnish 
the increased warmth given off during work. 


Fat in obesity increases first in all parts where fatty tissue is found nor¬ 
mally : most abundant in the subcutaneous tissue, especially of the abdomi¬ 
nal region, in the omentum, mesentery, about the kidneys, in the pericar¬ 
dium, etc. Only later are fat-deposits also found in those parts where 
little or almost no fat is found: between the muscles and muscle-bundles, 
under the endocardium, etc. Many of these places show never or only in 
very slight degrees an increase of fat: thus the eyelids, the skin of the 
external ear, penis, scrotum. Of the glandular organs proper the liver 
often, sometimes the kidneys ai*e infiltrated with fat. The new-formed fatty 
tissue effects the known changes of external form, and an increase of bodily 
weight to 100 and 150 kilo., in some cases to double of the weight. 
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The ptiystology of obesity is still in many ways obscure. In a fat man the current 
of the nutritive liquid and the quantity of blood is less; he takes up, on this account, 
less oxygen than a leaner person, and consumes less albumen, fats, and hydro-carbons. 
He thus needs for the retention of his size of body disproportionately less of these 
substances, and increases with a certain supply, when the leaner man decreases. 
Albumen and fat are not assimilated in the animal in proportionate quantities. In 
very adipose organisms the quantity of albumen to a high degree retrogrades. In 
them it happens that the store of albumen necessary for life sooner reaches its lower 
limit, and the animal dies from a want of albumen, while fat is still found in the body 
in massive quantities. In diseases, especially if they are attended by an increased 
transformation of albumen, these very fat persons resist for a much shorter time the 
consequences of diminished or lost appetite (albumen-inanition) than those who are 
leaner and have more abundant albumen, and often die without a sufficient ex¬ 
planation of death from the pathological appearances. v Voit, 1. c.— Hofmann, 1. c.) 

According to Toldt (1. c.), the fatty tissue of vertebrate animals is an organ of pecu¬ 
liar kind, and can neither by development, nor by histological behavior, nor by func¬ 
tion be ascribed to connective tissue. This is taught partly by comparative anatomy, 
partly by the independence of the system of bloodvessels supplying fatty tissue, partly 
by the constant freedom of many parts of the body from fatty tissue development, 
partly by the persistence of the protoplasm in the fat-cell, even in the greatest depo¬ 
sition of fat. According to T., the protoplasm of fat-cells has the capacity, under the 
influence of a more abundant supply of fat, to prepare in the same manner as gland- 
cells prepare their secretion ; and vice verm, if the consumption exceeds the supply in 
oxidizable substances, the fat-cell again consumes the fat contained in it, and allows 
the resulting products of metamorphosis to enter the blood. T. saw in many fatty- 
tissue cells poor in fat, removed from the frog during the spring, distinct amoeboid 
movements. 

The histology and development of fat in obesity have been made better known 
by the works of Flemming. According to F., fat-cells uniformly arise in fattened 
animals, nurslings, and embryos under the skin, in the mesentery, etc., from fixed 
connective-tissue cells. The fat-cell deposit takes place always in or closely upon the 
adventitia of already formed small bloodvessels (arteries, veins, and capillaries grow¬ 
ing out from these); according to F.’s later accounts, also sometimes in cells which 
still belong to the vessel-wall and then are exfoliated from it. The fat-deposit takes 
place only in separate foci, i.e ., from isolated vessels. The fat accumulates almost 
always in the protoplasmic middle portion of the fixed cells; their surface is con¬ 
tracted in extent by the fat, and their processes seem to disappear. Besides fat- 
drops there are found for the most part only one, but sometimes also two and even 
three cell-nuclei (division-forms of connective-tissue corpuscles). The appearance 
of fat in round and free cells (wandering cells) has been only occasionally ob¬ 
served. Transition-forms of these to fixed cells are doubtful. On the other hand, 
finely granular fat regularly occurs free in the tissue. F. assumes a specific develop¬ 
ment of fatty tissue from mucous tissue only in so far as the connective tissue of the 
embryo, containing mucin and rich in liquid and cells, is called mucous tissue. 

The consequences of obesity consist in many cases in an undisturbed 
state of health, while later and especially during the operations of other 
causes, there appear diminished capacity of movement of the voluntary 
muscles, diminished activity of the apparatuses of circulation and respi¬ 
ration, not infrequently also of that of digestion. Only during the further 
progress here occurs, through disease of the vessels, various disturbances 
of the brain, through those of the kidneys corresponding disturbances of 
the urinary apparatus. Sexual activity is for the most part diminished. 
Resistance to causes of disease, and in diseases themselves, is less (see p. 54). 

C. Fatty tumok, lipoma, 

is for the most part sharply circumscribed, rarely diffuse. In the former 
case it forms a tumor varying in size, not infrequently voluminous, mostly 
hemispherical, flattened in parts subjected to pressure, and projecting, like 
polypi, on free surfaces (skin, gastric and intestinal mucous membranes, 
joints), and which is distinguished from the surrounding structures by a 
26 
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distinct capsule. The surface of the tumor is regular or variously lobed. 
The cut surface shows fatty tissue, which is for the most part distinguished 
from normal fatty tissue only by the considerable size of the fat-cells, and is 
separated by vascular connective-tissue planes into divisions or lobes, vary¬ 
ing in size, rounded or angular. Sometimes the fatty tissue is firmer than 
normal, which depends only upon a more abundant development of connec¬ 
tive tissue: fibrous or hard lipoma, so-called steatoma. At other times 
the fat preponderates over the other elements: soft lipoma. In rare cases 
the vessels are very greatly developed: lip. teleangiectodes. 

Lipoma occurs often. It is by far most frequent in the fatty subcutane¬ 
ous cellular tissue, covered by relaxed skin (especially in the gluteal region, 
on the back, neck, axilla, anterior wall of the thorax, thigh), much more 
rare in parts wanting in fat, in intermuscular tissue and in fascia, not infre¬ 
quent also on the inner surface of the joints, ancl in internal parts likewise 
containing fat-cells (greater omentum, mesentery, peritoneum, costal pleui’a, 
endocardium, lymph-glands, sub-mucous tissue, especially of the stomach 
and small intestines, rarely at the root of the tongue) ; rarely in organs 
wanting in fat (cerebral meninges, lungs, liver, kidneys, etc.); in pseudo¬ 
membranes of the lungs. 

Lipoma is mostly single, in rare cases multiple, never in the form of me¬ 
tastatic tumor. 

Fouciieu (Gaz. des hop., 1863, No. 122) saw in a man, thirty-eight years old, four 
lipomata in the region of the neck, one on each side of the thyroid gland, one on the 
right, one on the left side in the region of the stomach, two in the lumbar region, 
two on the boundary between the latter and the sacral region; all were perfectly 
symmetrical with respect to the two sides of the body. 

The growth of lipoma is slow, and is mostly central, rarely peripheral. 

The causes of lipoma are generally those which have been given. Lipo¬ 
mata are rarely found in childhood. Sometimes they are hereditary. 
They are acquired by irritations of every kind: in the skin, oftenest by 
pressure. 

Mixed forms or combinations with other tumors occur more rarely than 
pure lipoma: combinations with fibroma, cellular tissue tumor, myxoma, 
vascular tumor, cancer, cysts. 

Xanthelasma or xanthoma {vitiligoidea, fibroma s. molluscum lipoma- 
todes) is a for the most part small, single, less prominent, yellowish tumor 
of the skin, most frequently of the eyelids, rarely of mucous membranes, 
consist of fibrous fatty tissue (or connective tissue containing fat). 

It ayer, Traits des mad. de la peau, 1836; Atlas, Tab. VIII., Fig. 16, et Tab. 
XXII., Fig. 15. —Ammon, Klin. Burst. d. Krankh., etc., d. menschl. Auges , 1838-41, 

111., Taf. VI., Fig. 1.— Addison and Gull, Guy's Hasp. Rep., 1851, VII., 2 Ser., p. 
265; 1852, VIII., 1 Ser., p. 149.— Addison, Journ. of Cutan. Med., 1868. VII., p. 
268.— Bakensprung, Deutsche Klin., 1855, p. 47.— Pavy, Guy's Hasp. Rep., 1866. 
— Hebra, Atlas d. Hautkrkh., 7. H., Taf. X.— Neumann, Lelirb. d. Hautkrkh., 1870, 
p. 71.— Wilson, On Dis. of the Skin., 5th Ed., 1863 ; Journ. of Cutan. Med., 1867, 

1., p. 109; 1868, VI., p. 212; Led. on Dermatology, 1871, p. 105 .—Murchison. 
Transact, of the Loud. Path. Soc.. 1869, XX,. p. 187. 

According to K.vposi-Koiin ( Wien. med. Wochenschr., 1872, No. 8 et 9), xanthoma 
(xanthelasma, vitiligoidea) is either in the form of spots (diffuse) or of small knots 
(tuberous). The former forms irregularly formed, sharply defined, small (to the size 
of a dollar) yellowish spots on the skin, which are flat or in places nodular, and are 
sometimes painful. They are found mostly in the eyelids, more rarely on the parts 
bordering on these, on the nose, external ear. Nodular xanthoma forms nodules like 
millet seeds or grains of wheat, whitish or yellowish, isolated or in groups, projecting 
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not above the skin or from two to four mm., which can be secured with the skin be¬ 
tween the fingers. They are found more frequently on the cheeks, external ear, 
especially on the palm of the hand along its normal furrows and lines, on the sides of 
the phalangeal joints, etc.; also on the mucous membrane of the lips and cheeks, 
nose, gums They are usually little, sometimes very sensitive to pressure. Xanthoma 
undergoes no farther change. 

According to Waldkyeh ( Vircli. Arch ., 1871. LTI., p. 818), xanthelasma of the eye¬ 
lids consists not in a diffuse, but grouped considerable increase of the connective- 
tissue bodies about the hair-follicles, sebaceous glands, sweat-glands, vessels and 
nerves, in less degree also between the stronger connective tissue trabeculae, and in a 
fatty degeneration of all these new-formed cells. The fat is less finely granular, but 
easily coalesces into larger drops. Likewise Virciiow (lb., p. 504) and Manz (Kl. 
Monatxbl. f. Augerih .. 1872. p. 251)— Geber and Simon (Arch. f. Dermat. u. Syph ., 
1872, IV., p. 805) did not in a case find this structure, but (like IIebra and others) a 
hyperplastic development of sebaceous gland cells. 

Hutchinson (Transact, of the Med.-Chir. Soc ., 1872, LIV.) has in forty of his own 
and in seven other cases investigated the connection of xanthelasma of the eyelids 
with other affections of the organism: in fifteen there were severe, in six lighter 
habitual pains in the head ; often still other and less frequent nervous phenomena ; 
in general extension of the spots there were found severe affections of the liver 
(which had already been noticed by Addison). 

The rare metamorphoses of lipoma seldom affect the whole tumor, for the 
most part only isolated portions of it. They are: spontaneous retrogres¬ 
sion ; inflammation, sometimes with consecutive connective-tissue hyper¬ 
trophy, more rarely with formation of abscess; softening; mortar-like or 
stony calcification of the connective tissue; transformation into mucous 
tissue, especially in large pendent lipomata, etc. 

Polypous lipomata of the skin, joints, and serous membranes may after atrophy of 
their pedicle, become free : many so-called free articular bodies have a like origin. 


V. NEW-FORMATION OF ELASTIC TISSUE. 

New-formed elastic tissue has either the form of common fine or 
coarse elastic fibres, which show rectilinear borders, which are more rarely 
dentated, or even provided with longer or shorter pointed processes; or it 
has the form of elastic membranes. Elastic tissue occurs rarely by itself: 
as hypertrophy of the elastic tissue of the superior tracheal mucous mem¬ 
brane, pulmonary pleura, arteries, never as a tumor proper. 

A new-formation of elastic tissue is often found simultaneously with 
new-formation of other tissues, almost constantly with that of connec¬ 
tive tissue: in pseudo-membranes and adhesions of serous membranes, in 
some connective-tissue hypertrophies, in sclerosis of the brain, in connec¬ 
tive-tissue tumors of every kind, especially in fibromata and cysts, in sarco¬ 
mata. 

In scleroderma Forster and Auspitz found a moderate, Arning a very 
important increase of the elastic tissue of the corium, as well as of the 
affected portions of the mucous membrane. I saw a new-formation of 
abundant elastic tissue in a peculiar cerebral tumor. 

The genesis of elastic tissue is unknown. According to Donders, Vir¬ 
chow and others, elastic fibres arise through growth and union of connec¬ 
tive-tissue corpuscles, while H. Muller, ITenle, Reichert, Kolliker and 
others assume that they ai-e formed by an especial metamorphosis of gela¬ 
tine-forming basis substance of connective-tissue deposits. According to 
Hertwig (Arch. f. micr. Anat., 1872, IX., p. 80) the protoplasm of cells 
fo'-ms the elastic substance, just as it, cet.par., forms connective-tissue fibres. 
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The growth of elastic fibres once formed follows by intussusception into 
the extra-protoplasmatic substance. 

VI. NEW-FORMATION OF OSSEOUS TISSUE. 

De Heide, Expei'. circa sanguinis missionem, etc., 1086.— Duhamel, Hist, de 
I'acad. r. d. sc., 1741-43.—J. Hunter, A Treatise on the Blood, Inflam., etc., Phila., 
1790.— Miesciier, De inflamrnat. ossium, 1830. — Watson, Edinb. Jour., April, 
1845.— Siiarpey, Quain's Anat., 5th Ed., II., p. 146, 1840.— Kolliker, Mitth. d. 
Ziir. naturf. Ges., 1847. p. 93. —Flourens, Theorie experiment de la form, des os., 
1847. — Gerlach, Ztschr. f. rat. Med., 1847, VI. — VOtsch, Heilung der Knochen- 
briiche per primam intent., 1847.— Yirciiow, Arch.., 1847, I., p. 130; V., pp. 172 et 
409; WOrtzl, Verh., II., p. 150; Die kranhh. Geschw., II., p. 1. —Sy.ue, On the 
Power of the Periosteum to Form Nero Bones, 1848.— Steinltn, Ueb. d. JleUungsproc, 
nach Resect, der Knoclien, 1849.— Hilty, Ztschr. f. rat. Med., 1850, III.—H. Meyer, 
Muller's Arch., 1849, p. 292; Ztsch. f. rat. Med., N. F., III., p. 143.—A. Wagner, 
Ueb. el. Heilungsproc, nach Resect, und Exstirp. d. Knoclien.. 1853.—R. Maier, Das 
Waclisthum der Knoclien nach der Dicke, 1850.— Hein, Virch. Arch., 1858, XV., p. 
1.— Schweiggeii-Seidel, Disguis. decallo., Hal., 1858.— Ollier, Gas. med., 1858. 
Journ. de physiol., 1859-63.—H. Muller, Ueber die Entwickdung der Knochensub- 
stanz, u. s. w., 1858 .—Liebekkuhn, Arch. f. Anat., u. s. w., 1800, p. 824; 1802, 
p. 702.— Volkmann, Virch. Arch , 1802, XXIV., p. 512.— Gegeniiauer, Jen. 
Ztschr., 1803, p. 1, III., p. 54.— Buciiiiolz, Virch. Arch., 1863, XXVI., p. 78.— 
Neumann, Beitr. z. K. des. normalen Zahnbein- und Knocliengew, 1803 ; Arch. d. 
Heilk., 1870, XI., p. 414. —Wolff, Arch, f klin. Chir., 1863, IV., p. 183; Berl. 
/din. Wschr., 1869, No. 40. —Wegner, Virch. Arch., 1872, LV., p. 11. 

New-formed osseous tissue has on the whole the same properties as the 
normal tissue. It is either compact, or spongy, or shows various transi¬ 
tions of consistence. The periosteum is like the common periosteum of 
adult or young individuals. The same is true of bone-marrow, where this 
is present. The structure of new-formed bone often shows no deviations 
from normal osseous tissue. At other times the basis substance is irregu¬ 
larly lamellar, or fibrous, or entirely homogeneous ; the bone-corpuscles are 
often irregularly distributed, not infrequently of varying size and form, 
but almost always in varying degrees stellate; the vessels are often numer¬ 
ous, Jess regularly distributed, of varying diameter. 


There are two kinds of compact osseous tissue. The one corresponds to the com¬ 
mon cortical substance of tubular bones; it is formed by the filling of the medullary 
spaces with concentric lamellae of osseous tissue, which proceed from progressive 
ossification of the medulla: OSTEO-SCLEROSIS. The other corresponds to the 
cement-substance of teeth; it is formed by deposit of parallel layers of osseous 
tissue upon the surface, which proceed immediately from the periosteum or sur¬ 
rounding connective tissue: eburnation. Sclerosis is a secondary, eburnation a 
primary process. (Virchow.) 

Osteoid tissue is a tissue which resembles normal osseous tissue only 
externally, but has not its essential histological and histo-chemical proper¬ 
ties : its basis substance is strongly refractive, dense and homogeneous, but 
always yields gelatine; its corpuscles are often rounded, provided with 
very short processes; they are either the original connective-tissue corpus¬ 
cles, or their origin is by division of these. 

The causes of osseous new-formation are for the most part known : 
exercise chiefly, often repeated irritations, as at the points of attachment 
of muscles and tendons to bones: so called physiological hypertrophy; 
congestive and collateral hyperannia, as under bone-ulcers, in the neighbor¬ 
hood of inflamed, carious, etc., parts; wounds of every kind; inflam- 
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mations, especially chronic: so-called ossifying parostitis, periostitis, ostitis 
and osteo-myelitis ; inflammations of the joints, of the surrounding soft 
parts chiefly, e.g., ossification of the cartilage affected in chronic inflam¬ 
mations of the mucous membranes of the air-passages, pleurae; old age. 
Of the specific causes of osseous new formation there are to be mentioned : 
constitutional syphilis, as consequences of which there arise thickenings, 
etc., of various bones, and according to the older clinical, as well as the 
more recent experimental investigations, phosphorus. The causes of puer¬ 
peral osteophytes, of most bony tumors, etc., are unknown. 


Since the introduction of rnosriroRUS into industrial art (especially the manu¬ 
facture of matches) there has been known a peculiar disease of the lower jaw 
resulting finally in necrosis, in which there arises a simultaneous formation of new 
bone from the periosteum, which in all essential points resembles the old. Wegner 
by experiment farther confirmed the bone-forming action of phosphorus. By the 
direct local action of phosphorus vapor on the periosteum of the lower-jaw as well 
as on that of other bones in rabbits there may be excited a disease wholly analogous 
to the known periostitis of the inferior maxilla, with moderate new-formation of 
bone and necrosis. As in man the poison for the most part enters demonstrably 
through a carious tooth, so also in rabbits is a wound of the soft-parts and periosteum 
necessary. W. has farther shown, that after the use of minimum doses of phos¬ 
phorus for weeks or months in rabbits, dogs, cats, fowls, there is developed more 
distinctly in growing than in fully-grown animals, especially where spongy osseous 
substance is developed physiologically from cartilage, uniform, compact bony masses 
similar to the compact surface of bone. Their origin from cartilage is like that of 
norm;il bone, except that the greatest part of the proliferating cartilage-cells is not 
transformed into medullary cells but into bone-corpuscles. Finally the anomalous 
formed bony substance yields to the same physiological wasting like the normal 
bone. If the feeding of phosphorus takes place with intervals of abstinence, then 
there are found proceeding from the intervening cartilage alternate layers of con¬ 
densed compact and common substance with broad meshes. Essentially the same, 
but macroscopically and microscopically not so easily recognizable, is the modifica¬ 
tion of periosteal apposition-processes in tubular as well as in flat bones. Besides, 
the compact substance formed before the feeding is also sclerosed. Finally there 
occurs with the same circumference a greater thickness of the compact surface of 
the diaphysis at the expense of the diameter of the medullary cavity: the interior 
compact surfaces appear thus not as completely resorbed as normal. In adult 
animals this is much less striking, except in hens, in which after feeding with phos¬ 
phorus for months there appears a real closure of the medullary cavity by true bone 
substance. Chemical analysis shows, that bones of animals fed with phosphorus 
nearly resemble normal bones in composition, and that the former contain no more 
phosphates than the latter. In experiments on the development of bone in frac¬ 
tures, subperiosteal resections and periosteal transplantations, W. found by phos¬ 
phorus-feeding a more abundant, denser and more solid, probably also quicker devel 
opment of bone. 

According to Maas ( Tagebl. d. Naturf.-Vers ., 1872, p. 171) the action of phos¬ 
phorus is based on the withdrawal of a great quantity of oxygen from the blood : 
the same bone-deposits are formed by feeding with other means which withdraw 
oxygen, especially with the arsenic acids, as well as with pyrogallic acid. 

A new-formation of osseous tissue serves as material for filling up after diminu¬ 
tion or loss of the normal contents in complete or incomplete, non-reduced luxations 
especially of the hip-joint, after loss of the teeth in the alveoli, after loss of the eye 
in the orbit, in senile atrophy of the brain as so-called internal osteophyte. 


The development of pathological osseous tissue takes place by far most 
frequently from normal or new-formed connective tissue, especially from the 
periosteum and indeed from normal connective tissue, as well as especially 
often from hypersemic and inflamed (so-called periostitis ossificans ), and 
from the bordering soft parts (so-called parostitis ossificans ). Much more 
rarely does it arise from cartilaginous tissue. Perhaps it is formed some¬ 
times also immediately, without preceding formation of connective tissue oi 
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cartilage, from a soft very cellular tissue. It probably arises very rarely 
from pure osseous tissue; and yet accurate investigation is still wanting. 

According to Btllroth ( Oestr. Jahrb ., 18G9, XVIII., 4 et 5 II., p. 3) young 
osseous tissue has its origin in migrated colorless blood-corpuscles. In the bones of 
young dogs, which very soon after birth were repeatedly fed- with cinnabar, he saw 
it in the youngest formed bone laminae, especially in the bone-corpuscles; likewise in 
the cartilaginous cells of the fracture-callus of young dogs. 


Periosteum retains its bone-forming capacity even when it has been 
partly or wholly removed from the bone and transplanted into other parts 
of the body; but especially, what is especially important in resections of 
bones, if it is retained, while the bone is in any manner removed (by 
disease or surgically). 


Many have accepted Duiiamel’s proposition: “ le pirioste fait les os;" while 
others sometimes refer to the bone an essential share in the formation of callus 
(Miescher, J. Muller, Scarpa, Sommering and others), sometimes ascribe an 
equal importance in that process to soft parts and bones (Bresciiet, Cruveilhier 
and others). B. Heine studied in animals the healing process after resections. 
Syme, Steinlin, A. Wagner and others followed him. They came to the conclu¬ 
sion, that the periosteum surely plays the chief part in the reparation of bone- 
defects arising by resection, that nevertheless a reproduction of bone takes place also 
without periosteum, which proceeds from the medullary cavity or diploc, so far as 
they are injured, or from the soft parts surrounding the bones. Flourens later, 
after numerous experiments, became a defender of Duiiamel. 

Ollier has experimentally shown, that pieces of periosteum, when completely 
separated from their original place and transplanted into other parts, retain their 
capacity of generating bone: so-called osteoplastie perioslique. If a bone, e.g.. 
the radius of a rabbit be partly cut out, and the periosteum left in place, there will 
be found after two months a new piece of bone, similar in form and character to the 
old. If, on the other hand, the periosteum be removed, there will scarcely be 
formed a trace of soft fibre, which at the most will contain some osseous nuclei or 
scales. The latter are usually derived from the remains of the periosteum left 
behind. The soft textures bordering on the periosteum possess no bone-generating 
properties. If the periosteum and superficial parts of the compact tissue of the 
diaphysis of a long bone be removed without opening into the medullary canal, the 
bone will be more slowly restored Regeneration after preservation of the perios¬ 
teum succeeds not merely in long tubular bones, but also in flat bones, e.g ., the 
scapula. If in the metatarso-phalangeal joints of the rabbit the synovial membrane 
and ligaments be preserved as far as possible, so that the latter remain in connection 
with the periosteum, there will be generated new portions of bone with a complete 
joint. According to O the epiphyses also of long bones are regenerated in rabbits, 
as well as short bones, e.g.. the calcaneus, os cuboideum. Brown-Sequard saw in 
guinea pigs regeneration of the posterior segment of the vertebral arch and of the 
spinous processes of four vertebras. Regeneration of the epiphyses in man has been 
observed by Textor and Syme in the elbow, by Lucre in the humerus. 

Goujon, Journ. de Vanat. et de la pbys., July, Aug., 1809) found in variously 
modified experiments on rabbits, doves and fowls, that the bone-marrow also takes 
part in the reproduction of bone-substance. 

All these experiments are of direct utility in practical surgery. Mat.gaigne first 
laid down the rule, to preserve the periosteum as far as possible in resections 
(so-called sub-periosteal resections). Thus there arose as the special aim of con¬ 
servative surgery so-called osteoplasty, in which is included all those operations, in 
which bone-substance itself or bone-generating tissue is implanted into a part of the 
body, in order thereby to effect the continuous existence of bone-substance in this 
part. Disregarding the older methods of operation of Pirogoff, N hi, a ton and 
others, the above proposition of Ollier has, by B. Langeniieck and others, been 
accorded its practical value: in rhinoplasty, wherein the pericranium is transplanted 
simultaneously with the frontal llap, in order thereby to generate in the new-formed 
nasal bridge a new-formation of bone, for the regeneration of the defect of the bony 
portion of the nose; aud in uranoplasty (loosening and shifting of the muco-perios- 
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teal covering of the palate) in order to close by new-formation of bone the fissure of 
the hard palate. 

The histological CONDITIONS in pathological formation of bone are as 
follows: more accurate details, corresponding to the most recent investiga¬ 
tions on normal ossification are yet for the most part wanting. 

In the FORMATION OF OSSEOUS TISSUE FROM CONNECTIVE-TISSUE (and 
periosteum) there appears either no increase of connective tissue corpuscles, 
or such an increase does take place. 

In the former case the connective-tissue corpuscles retain their spindle- 
shaped form ; or they become stellate, the processes appear in communica¬ 
tion with one another: osteoid tissue. In both cases, calcareous salts are 
deposited in the basis substance. This form of bone-formation occurs 
oftenest in ossification of tendons. 

In the second case, the connective-tissue corpuscles (or the cells of the 
red medulla, or the fat-cells of the yellow medulla, after that they, by loss 
of their fat, have been metamorphosed into analogous corpuscles) increase 
by division, rarely by endogenous cell-formation. The connective tissue 
(or periosteum) partly hereby, partly through hypersemia, new-formation 
of vessels and consecutive soaking with plasma, becomes thicker and gela¬ 
tinous. With respect to the new-formed cells, those separated from the old 
bone become connective tissue, vessels, fat-cells, or persist as simple medul¬ 
lary cells; those, on the other hand, lying nearest the bone are formation- 
cells of true bone-substance: so-called osteogenic cells or osteoblasts. 
They are more or less regularly arranged, like epithelium, on the surface of 
bones, and, according to one view, secrete a homogeneous basis substance, 
which becomes fibrous and in which calcareous salts are later deposited, 
while, according to the other view, the basis substance is a direct product 
of metamorphosis of the peripheral portion of the osteoblasts themselves. 
The osteoblasts or their remains become stellate bone-corpuscles. 

In the formation of osseous tissue from cartilage, either there is a 

SIMPLE DEPOSITION OF LIME IN THE BASIS SUBSTANCE OF THE CARTILAGE, as 
well as in the external membrane of the cartilage-cells (with peculiar lami¬ 
nar thickening on the interior of the corpuscles), and supplementary radia¬ 
tion of the internal membrane of the cartilage-cells: the former becomes 
the basis substance of the bones, the latter the bone-corpuseles. This pro¬ 
cess has been most frequently observed as a change incident to age, in the 
ossification of the costal and laryngeal cartilages, also in rachitic bones 
(where investigation is easy on account of the slight calcification), as well 
as in enchondromata. It is included in simple calcification of cartilage. 

Or there occurs the following process, analogous to normal ossification 
of cartilage. At first the basis substance of the cartilage is calcified 
together with the cartilage capsules. Then there arises by progressive divi¬ 
sion of the cartilage-cells proper, one brood of young cells after another, 
while at the same time the calcified mass again disappears by absorption. 
These young cells become partly medullary and fat-cell, vessels, etc. ; partly 
they represent osteoblasts, which change in one of the above-mentioned 
ways. 

Oil the ORIGIN OF OSSEOUS TISSUE FROM BONE-SUBSTANCE, Vide infra. 

Young new-formed bone is usually very porous, and rich in vessels and 
medulla,. Usually, only later does it resemble normal compact osseous 
tissue, whilst new bone-masses are deposited concentrically in the spaces 
of the porous tissue. But, then, compact osseous tissue often becomes 
porous again by resorption. Thus also the processes of pathological ossifi¬ 
cation herein resemble those of normal ossification. 
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The views respecting the very complicated processes of normal ossification are still 
at great variance. On the one side are Siiarpey, Brucii, H. MCller, Gegenbauer. 
and Landots, on the other Lieberkijhn, who assumes an immediate transition of 
cartilage into bone. The same opposition respecting the share of osteoblasts in the 
formation of basis substance exists between Gegenbauer and Waldeyer. 

The growth of new-formed osseous tissue probably takes place in part 
like that of normal osseous tissue, from the surrounding connective, cartil¬ 
aginous, or osseous tissue; it is in part interstitial. Bone increases in 
THICKNESS normally, by the continuous growth outward from the internal 
periosteum of new osseous tissue, while at the same time the medullary 
cavity is increased by absorption of the bone. This is in part shown by 
microscopical investigation, in part by experiment: a ring fitted around a 
long bone approaches the medullary cavity (Flourens’ experiment). The 
normal growth of tubular bones in length takes place in the epiphysal 
cartilages. This is demonstrated partly by the microscope, partly by ex¬ 
periment. If pegs be inserted into the diaphysis of bones of growing 
animals, their distance apart in the diaphysis will remain the same, while 
their distance from the epiphyses corresponds with the growth of the bone 
in length (Hunter’s experiment). The existence of an interstitial growth 
of bone is from the more recent experiments in normal animals called in 
question. It probably occurs under pathological conditions. It is mainly 
intercellular, through increase of intercellular substance; in ftetal life 
besides, it is also cellular, whilst the bone-cells become larger or increase 
in the osseous tissue itself. 

According to Wolff ( Berl. kl. Wschr., 1868, Nos. 6, 7, 10, and 14), growth in length 
of tubular bones is not exclusively dependent upon apposition in the diaphysal limits, 
but there is a true expansion of the already formed bone. W. found in numerous 
cases that the distance apart of two portions of wire, fixed in bones and bent at right 
angles, becomes greater during growth. From experiments on rabbits he estimates 
the interstitial growth of the human tibia at, at the least, 25 mm. If two fine holes 
be bored in the diaphysis of a young animal, and these connected by inserting the 
ends of a fine wire bent at right angles, there will after a time be a bending of the bone, 
whose concavity will correspond to the surface on which the wire lay. The growth 
of bone in thickness is, according to W., chiefly interstitial. Rings of metal wires 
fitted around the bone do not penetrate to the medullary canal, but where the}’ are 
situated the} 7 cause a heading-in of the osseous tissue. The constriction of the ring, 
which prevents the normal expansion of the bone, produces a narrowing of the medul¬ 
lary canal. The metal ring lying in a notch of new-formed osseous tissue is grown 
over, whereby the ring seems to have migrated toward the medullary cavity. The 
bones, after feeding with madder for four days, received, not only on the external 
but also on the internal surface, an intense red color. According to W., the perios¬ 
teum is of slight importance with respect to the growth in thickness of bone : on the 
twenty-eighth day after destruction of the whole periosteum of one tibia of a young 
rabbit no difference could be discovered between the bones of the operated side and 
those of the side which had not been operated on. Wolff, in a later work {Berl. 
med. Ctrlbl ., 186!), No. 54), regards interstitial growth the exclusive process of growth 
in bones; no apposition exists in the cartilage of the epiphyses, here cartilage is just 
as little metamorphosed into bone as that in the medullary cavity medulla arises from 
bone. Consult also Wolff, Virch. Arch., L., p. 889. 

Contrary to Wolff and others, and in favor of the appositional growth of bones, 
are first of all Piiilipeaux and Vulpian (Arch, de, physiol, norm, et path., 1870, No. 
5 et 6, p. 551). Lieberkltin (Motrb. naturw. Sitsgsber., 1872, p. 40) has recently 
communicated experiments which confirm the apposition theory of Hunter and 
Flourens, and show how also Wolff's experiments are to be explained by it. Like¬ 
wise Maas (Arch.f. kiln. Chir., 1872, XIV., p. 198). A ring placed around the tibia, 
under the periosteum, of a young guinea-pig. migrated in most cases toward the me¬ 
dullary cavity. The cases with apparent bending in of the bone substance were ex¬ 
plained by M. by the fact that the surrounding ring, in part or throughout the whole 
circumference, prevented the activity of the periosteum. Also the super jacent layer 
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in the medullary canal is a sign of diminished activity: resorption of hone-substance 
is retarded at the point corresponding to the position of the ring. If pegs be intro¬ 
duced into auger-holes in the diaphysis of bones, their distance in the diaphysis will 
remain exactly the same: both pegs are separated by a distance corresponding with 
the growth of the bone in length from the epiphyses. M. never, like Wolff, ob¬ 
served an increase of distance between the pegs. In many cases the experiment fails, 
whilst an osteoplastic periostitis (Billroth), or thickening of the diaphysis and 
elongation of the bone (Langenbeck) arises, the latter perhaps in consequence of 
diminished activity of the epiphysal cartilage. If fractures be produced in the dia¬ 
physis, close to one of the epiphyses and the distance from the other epiphysis marked 
by a transverse ring fitted around the bone, the distance between the callus of frac¬ 
ture and the ring will remain the same : the callus like the ring, is separated from 
the epiphysis by a distance corresponding to the increase in length. 

While all changes of form in growing bones are commonly referred to deposit at 
one point, and to absorption at another, the plasticity of osseous tissue, according to 
It. Volkmann, in connection with the changes of matter equalizing the tension, is in 
condition slowly to bring forth all the most important changes of form of bones. The 
pathological occurrences in this connection are : for the most part senile, sometimes 
also traumatic atrophy or interstitial absorption of the neck of the femur; displace¬ 
ments of the articular extremities in consequence of increased pressure in genu 
valgum et varum , club-foot; changes of form of the vertebral and ribs in scoliosis, 
etc. ; displacements of articular surfaces in the same affections and in arthritis de¬ 
formans , etc. Consult also Hueter (Die Former twickelung am Skelett des menschl. 
Thorax , 1805). According to Volkmann (Med. Ctrlbl., 1870, Xo. 9), intercalations 
in the epiphysal sutures are nob, in the increase in lergth of large tubular bones, of 
much consequence. In fractures of the diaphysis, in extreme nearness to the joint, 
which are healed with such a dislocation that the seat of fracture can after years be 
determined with certainty, the point of fracture preserves, in spite of the increase of 
length of the bone, its old topographical relations to the joint. In exostoses, which 
are developed on the articular extremities of the diaphyses of young individuals, no 
change of deposit can likewise be demonstrated in the progressive increase of the 
bone. 

The niSTOLOGicAL relations of interstitial bone-growth are still little 
known. The irregularities so frequent in pathological bones in the arrangement of 
bone-corpuscles and basis substance, in lamellar systems, etc., stand probably in rela¬ 
tion herewith. Huge ( Virch. Arch., 1870, XLIX., p. 287) made experiments and 
measurements on interstitial growth of bone. The intercellular substance of bones 
increases directly with the age : the distances between the cells become greater, and 
in all directions; the bone becomes thicker, broader and longer, it is expanded. The 
corpuscles themselves in extra-uterine life generally remain without measurable 
change, their breadth aud thickness decreasing only a little with age. The distribu¬ 
tion of the bone-corpuscles in growth of bone varies histologically. In general the 
corpuscles lying near the vessels, are elongated, while those more distant show no 
preponderance of a certain dimension. Excrescences are also found in young bone- 
corpuscles (in man from the third to the eighth year), from those of very small 
dimensions to the entire doubling of the corpuscles—thus manifest processes of 
division. 


The metamorphoses of new-formod osseous tissue are wholly like those 
of the normal tissue. The calcareous salts of bones are not so insoluble for 
animal fluids, that a continual (under abnormal conditions) increased me¬ 
tamorphosis cannot be assumed. The changes in question, aside from re¬ 
sorption and sclerosis, are inflammation, suppuration, necrosis, etc. 

New-formation of osseous tissue occurs : as regeneration, hypertrophy, 
and tumor. An especial consideration is also due the metamorphosis of 
other kinds of tissue (connective tissue and cartilage) into bone. 

A. Regeneration of osseous tissue is very frequent. 

Its most common cause is fracture. It occurs also usually after wounds, 
by blows, gun-shot, after amputations, more rarely after trephining and 
resections, after extirpation of bones, necrosis, etc. 

In all these cases there is a complete or incomplete reparation of the 
bone. Healing takes place either by first intention or after previous for- 
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mation of pus and granulations. In the former case there appears an in¬ 
crease of connective-tissue corpuscles, especially of the periosteum, in less 
degree of the Haversian canals and medullary substance, probably also of 
the bone-corpuscles, and thereupon ossification. In the latter case a part 
of the new-formed cells are again destroyed in form of pus-corpuscles ; very 
vascular granulations arise, and from them, with cessation of suppuration, 
osseous tissue. 

In healing of fractures regeneration of the bones takes place in the 
following manner. The blood effused at the time of fracture probably does not 
contribute to the formation of callus. A larger quantity effused hinders such 
formation; it disappears after previous metamorphosis into fat, pigment, 
etc., by resorption. The periosteum takes the most essential part in the 
production of callus; it swells, alone or with the surrounding soft parts, 
within the first days after injury in consequence of a thorough soaking with 
nutritive liquid (from the hyperaemic vessels), and especially in consequence 
of a great new-formation of formative cells, and retains a reddish, gelatinous 
appearance. From it there arises the so-called provisional or external 
callus. This callus forms around the point of fracture a kind of capsule 
or ferrule. That the formation of callus does not necessarily depend upon 
it is shown by the fact that callus appears also where the periosteum is 
entirely or in part wanting, as in many tendinous and muscular insertions. 
The medullary membrane and tissue also share in the formation of callus: 
this forms the internal or medullary callus, which is represented by a 
solid, rod-like mass. And, in a very slight degree, the tissue of the vessels 
of bone at the point of fracture have a share, probably also the osseous 
tissue itself: it forms the middle or intermediate or proper bone-callus. 
In many cases a share in this formation is also assumed by the inter-mus¬ 
cular and inter-fibrillar connective tissue, perhaps also the muscular tissue 
itself, as well as (at the articular extremities) the cartilaginous tissue. 

After the appearance of the above-described processes of osteoblast for¬ 
mation and a new-formation of vascular, cellular, homogeneous connective 
tissue, at points sometimes also of hyaline or fibrous cartilaginous tissue 
(the latter is usually present only in fractures of the bones of animals), 
calcareous deposit begins in the intermediate substance of the cells. This 
takes place mostly in a reticular manner, so that there remain accumulations 
of numerous, more or less regularly distributed non-calcified cells, which 
give to the new-formed, still vascular bones a porous appearance. At last, 
by progressive deposit of calcareous matter, especially in the intermediate 
and internal, partly also in the provisional or external callus, solid bone- 
substance is formed : definitive callus. A part of this is then re-ab- 
sorbed, so that finally the swelling at the point of fracture wholly disap¬ 
pears, and a more or less complete medullary cavity is established. 

In some cases these processes vary greatly with the kind of fracture 
(complete or incomplete fracture; fissure, infraction—transverse, oblique, 
and longitudinal fractures—simple, multiple, splintered fracture) with the 
extent of laceration of the periosteum, with the size of the dislocation, ex¬ 
travasation, with the kind of bone, etc. 


Dupuytren’s distinction into provisional and definitive callus is no longer author¬ 
ized, except in so far as it expresses the difference between the two forms with respect 
to inode, time, and place of origin. The^ distinction is better between external, in¬ 
ternal, and intermediate callus. But in a histological sense the first, provisional, is 
certainly in essence different from the latter, or definitive, callus. 

After healing of fractures with great dislocation of the fractured portions, or after 
complicated fractures, there not infrequently arises a voluminous and irregular calius, 
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which sometimes never retrogrades, or only incompletely (so-called luxuriating callus, 
osteoma fracturce). 

The formation of callus proceeds especially from the periosteum and surrounding 
soft parts, if the fractured extremities are displaced over one another. The medul¬ 
lary cavity then becomes closed with bone; a part of the compact substance of the 
ends of the bones, especially the sharp edges and points, are resorbed. 

Nikolsky ( VircJi. Arch., 1872, LIV., p. 81) has experimentally investigated the 
differences in the healing of fractures of bones, in various periods of age. He distin¬ 
guishes three periods: 1, the so-called stage of granulations ; 2, the transformation 
of the granulation tissue into fibrous tissue, rich in spindle-cells ; 3, the so-called 
stage of proliferation, i.e ., the metamorphosis of spindle-shaped cells by division into 
osteoblasts. In old animals the duration of each period is very much longer, healing 
often reaches only the second, sometimes only the first period, there is formed at the 
point of fracture a false joint. 

According to Lossen {lb., LV., p. 45), retrogradation of callus consists in a chronio 
rarefying ostitis in the histological sense, which, on the one hand, goes along with 
dilatation of the medullary canals and disappearance of the tela ossea; on the other- 
hand, leads to a new-formation of vessels, which L., from their origin and function, 
designates resorption vessels. Herewith also an ossifying ostitis simultaneously runs 
its course, which always gives rise to new bone from the medullary tissue and hereby 
the remaining bone, and provides the ‘ ‘ definitive callus ” in a histological sense. 


Iu the regenerated osseous tissue there is formed, either from the begin¬ 
ning or after a varying length of time, the same line architecture, in corre- 
spondence with the mechanical conditions, as has in late years been demon¬ 
strated in normal bones. 


Consult H. Meyeii, Arch. f. Anat. Phys. u. wiss. Med., 18G7.— Wolfermann, lb., 
1872, p. 312. 

According to J. Wolff {Arch. f. klin. Chir., 1872, XIV., p. 270), in bones which 
are bent through pathological conditions (fractures, rachitis), but with this bending 
again in part or wholly capable of function, there is a change of the internal architec¬ 
ture corresponding with the changed form of the bone, and the changed claim of the 
single particles of bone dependent thereon. In fractures there is a complete revolu¬ 
tion not only at the point of fracture, but to a great distance from it above and below : 
the trabeculae arranged by the fracture in a statically unfit layer disappear and suita¬ 
ble new ones arise in their place. Thereby there is formed at the point of the callus 
a new bone-substance, with a wholly adapted architecture. Healing of fractures 
therefore consists of two processes perfectly independent of each other : of the inflam¬ 
matory, transitory formation of callus at the point of fracture, and of the static, per¬ 
sistent new-formation, or solution of bone-substance at the point of fracture and 
apart from it. The latter processes are slight in fractures with slight dislocation, 
large in those with more considerable dislocation. 

Also Martini {Med. Ctrlbl., 1872, No. 37) has made valuable observations on the 
architecture of pathologically changed bones and joints. Likewise K jster ( Wurzb. 
Verb., June 15, 1872) has accurately described the architecture of bony anchyloses, 
especially of the knee and hip-joints. 


In healing of resections there arises either a bony anchylosis, which in 
the knee-joint and the joints of the foot is desirable; or there appears a 
moi-e or less perfect mobility. For the most part, then, the resected articu¬ 
lar extremities, which sometimes also in form resemble the old extremities, 
are so loosely connected by fibrous bands that quite a mobility results. (In 
rare cases a true joint is formed, with articular cartilage, joint-cavity, and 
capsule.) 

Regenerations of whole bones are rare. 


In my possession is the clavicle of a woman, which forty-five years before was 
separated by suppurative inflammation: a new clavicle was formed, which has nearly 
the form of the old bone and perforins a normal function. 
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B. Hypertrophy of osseous tissue. 

This occurs partly pure in various ways, partly in transitions into bony 
tumor, from various causes. 

a. Hypertrophy of bone (in the narrower sense) is total (giant-growth), 
or partial, sometimes congenital (fingers and toes), sometimes acquired 
(normal prominences of bones at points of muscular attachment in men who 
labor hard, of the skull in hydrocephalus). 

The common genu valgum, e.g. of bakers, arises through excessive growth 
of the internal condyle of the femur: this comes from the want of resist¬ 
ance exercised by the corresponding portion of the tibia, during standing 
for hours at a time with bent knees. (Thus is explained also the excessive 
growth of a tooth, when the opposite one is absent.) 

b. Elongation of bones occurs only in large tubular bones: spontane¬ 
ously, in osteomyelitis, after necrosis, fractures; sometimes in amputation- 
stumps, or in large ulcers of the feet. 

c. Hyperostosis of bones, i.e. increase of diameter, occurs either in the 
whole bone, except at the suture or joints, or only in a part of it (perios- 
tosis). It affects either only the external compact tissue (external hyper¬ 
ostosis), or only the medullary substance (internal hyperostosis or sclero¬ 
sis), or both at the same time. 

d. Osteophyte, i.e., an osseous new-formation firmly attached to the sur¬ 
face of bones, but distinguished from the boue by its for the most part 
spongy texture (at least at the beginning) and its great vascularity; occurs 
as a bony-mass, which is either diffuse, velvety, or laminated with splinters, 
or warty and in form of a stalactite, or spinous or cauliflower-like, or as an 
osteophyte in form of a bony mass which had been poured over the bone 
and become rigid during the flow. Osteophytes in the earlier stages consist 
of reticular osseous tissue, the wide spaces of which contain in the centre a 
vessel, in the remaining space fibrous tissue. In its further progress the 
bony mass increases mostly in concentric lamellae, decreases in the inclosed 
mass, until finally only the vessel is present (hardening of osteophytes). 
Thus either they remain permanent, or there appears in turn, like the nor¬ 
mal formation of a medullary space, a dissolution of the osseous tissue : 
secondary spongy state. 

In ossifying or osteoplastic periostitis, there arise the so-called osteophytes from 
the periosteum, according to Billroth, from the surface of the bone by ossification 
of the granulating small vessels of the bone surface. 

e. Exostosis is a tumor-like osseous new-formation, firmly attached to 
the bone. There are distinguished, the circumscribed hyperostosis, exosto¬ 
sis in form of a spine or sharp crest, the rounded exostosis with compact 
surface and spongy centre; enostosis, i.e., exostosis in the interior of the 
bone. Exostoses usually arise from the connective tissue of the periosteum 
or of the medullary (enostosis); more rarely from cartilaginous substance 
(so-called exostosis cartilaginea ), especially from the peripheral layers of 
the epiphysal cartilage of the phalanges, represents a growth on the surface 
from the cartilage, thus a kind of articular extremity. 

C. Osseous tumor, osteoma (or osteoid), 

is a tumorous new-formation, in which ossification represents the regular, 
typical termination of development, while in many enchondromata, fibro¬ 
mata, etc., it is somewhat accidental. Osteomata contain either almost 
only osseous tissue with vessels and periosteum: ost. durum s. ehurneum ; 
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or there is besides in their interior a spongy bone-mass filled with medulla: 
ost. spongiosum ; or there are to be found large medullary cavities, which 
are by many times the largest portion of the tumor: ost. medullosum s. 
MYELOIDES. 

According to their locality, osteomata are hyperplastic or iieteroplastic (in 
the brain, lungs, elc ). 

Osteomata, which proceed from connective or cartilage-tissue, are distinguished by 
the tissue from which they arise : most osteomata arise from connective tissue ; 
exostosis c artilaginEa , which consists of compact or spongy bone tissue, and is 
covered with a thin layer of cartilage (especially in long tubular bones); hyper¬ 
plastic osteomata (common exostoses), tendinous, aponeurotic, and apophytic 
osteomata, common and discontinuous osteomata, bony growths from riding or exercise, 
are mostly single, more rarely multiple (senile and infantile rheumatismus nodosus, 
syphilitic exostoses). Heteroplastic osteomata pass partly into hyperplastic osteo¬ 
mata, especially the tendinous, etc. They lie in part near the bones (so-called paros- 
tcal osteomata), especially also in the vicinity of chronically inflamed joints, in the 
spinal and cerebral arachnoid, in the dura mater of the brain ; they lie in part sepa¬ 
rated from them : in the interior of the central nervous apparatus, within the eye, 
lungs. (Consult Virchow, Die krankh. Oesehw., II., p. 1.) 

An osteoma of the brain is described by Ebstein ( Virch . Arch. , LI., p. 145). 

Buhl calls diffuse osteomata of the lungs ossified knots in cirrhotic lungs ( Lungen - 
entz, etc., 1872, p. Gl). 


D. Metamorphosis of other forms of tissue into osseous tissue 

occurs very often, but for the most part has little practical importance, 
since it either is of slight extent, or a consequent condition of other and 
more important processes, especially marasmus of age, chronic inflamma¬ 
tions, and various new-formations. 

A metamorphosis of normal connective tissue into osseous tissue often 
occui’s with simultaneous calcification in tendons, fasciae, intermuscular and 
interosseous* ligaments; in the vicinity of chronically inflamed joints; in 
symphyses and synchondroses ; in t he dura mater of the brain, especially 
the falx; in the cerebral and spinal arachnoid; in the brain itself; in the 
valves of the heart and wall of the larger vessels, especially arteries; in the 
skin, lungs, choroid, vitreous, atrophic eyes, etc. 

On myositis ossificans progressiva , see Munciimeyer ( Ztschr . /. rat. Med. , 1868, 
XXXIV., p. 9). 

A METAMORPHOSIS OF NEW-FORMED CONNECTIVE TISSUE into OSSeORS tissue 
occurs : in pseudo-membranes of serous membranes, especially of the pleura, 
in new-formed connective tissue about chronically inflamed joints, in the 
hypertrophic inteilobular connective tissue of the lungs, in cutaneous cica¬ 
trices, fibromata, encliondromata, carcinomata, cysts,—especially in tumors, 
which proceed from bones or periosteum, more I’arely in those which have 
no connection therewith. In the latter case the osseous tissue is compact 
or porous, or both at the same time, for the most part small in proportion 
to the tumor, but sometimes very voluminous. 

Metamorphosis of cartilaginous tissue into osseous tissue occurs: as 
an almost regular process of age, as well as after wounds and after chronic in¬ 
flammations of the vicinity in the cartilages of the larynx, especially of the 
thyroid and cricoid cartilages, trachea, bronchi, ribs; rarely in those of the 
joints, nose; in cartilaginous tumors (as bony shell, or as cartilage-forma¬ 
tion in the interior). 
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VII. NEW-FORMATION OF CARTILAGINOUS TISSUE. 

J. Muller, Arcli. d. Aunt., Phys ., etc., 183G. CCXX; Oeschwulste , 1838, p. 31. — 
H khz, J)e encJiondrornate , Erlangen, 1843. — ScHAFFNER, Utb. d. EncJwndrom. , 
Wiirzb., 1845. — Ranke, De enchoridrornate , Hal., 1848. — Ficiite, Ueb. d. Enchon- 
drorn., Tub., 1850. — Redfern, Monthly J. of Med. Sc., X., p. 229, Sept., 1851. — 
Virciiow, Arch., 1853, V., p. 210; Wiirzb. Verh., VII.; Entwickdung dee Schadel- 
grundes , 1857; Die krkh. Geschw., 1863, I., p. 435.— Sciiolz, De enchomlrom. , Vra- 
tisl, 1855. —O. Weber, Die Knochengeschw. , 1850. — H. Meckel, Ann. d. Char., 1850, 
VII., p. 00. — Neumann, Arch. d. Heilk., 1870, XI., p. 414. 

New-formed cartilaginous tissue lias in general all the properties of 
the normal, foetal, or developed cartilaginous tissue. It consists most fre¬ 
quently of hyaline, more rarely of reticular or fibrous cartilage. The basis 
substance is almost always chondrin, rarely containing gelatin or albu¬ 
men. 


According to Neumann II. c.), liquid does not lie between the cartilage-cells and 
walls of the so-called cartilage-spaces, but a solid substance, which is in continuous 
connection with the remaining basis substance, and is to be regarded as a differen¬ 
tiated part of it: peri-cellular substance. Upon its origin depends the known 
wrinkling of the cartilage-cells : the latter are compressed in every increase of 
volume of the former. 

According to Heitzmann ( Wien. med. Jahrb., 1872, p. 349), the bodies of the car¬ 
tilage-cells are provided with radiating processes, which form in the basis substance 
a delicate varicose net-work. At the points of transition of hyaline cartilage into 
striated fibrous cartilage and periosteal tissue the processes are very large aud broad ; 
they connect the neighboring cells immediately or mediately by means of fine pro¬ 
cesses. 


Cartilaginous tissue arises either from cartilaginous tissue itself, or, and 
most frequently, from connective tissue, most rarely from osseous tissue. 
In the former case the cartilage-cells are divided, and secrete new basis 
substance. Or there appears, as in normal increase of thickness of carti¬ 
lage, a metamorphosis of the lowest layers of the perichondrium in carti¬ 
laginous tissue. The same metamorphosis is met with sometimes in the 
connective tissue of other parts. In most cases, however, cartilaginous 
tissue arises from connective tissue by repeated division of the connective- 
tissue corpuscles, which become indifferent cells, and are then metamor¬ 
phosed into cartilage-cells and secrete a basis substance. Its origin and 
growth show nothing peculiar. The same holds good of most of its 
changes. 

New-formation of cartilaginous tissue occurs as regeneration of cartilage 
substance, most frequently in the intermediate state between hypertrophy 
and tumor, rarely as pure hypertrophy and as pure tumor. 

A. Regeneration of cartilaginous tissue 

takes place for the most part only slowly. It is observed most frequently 
in the costal cartilages, rarely in the joints. Wounds of cartilage heal 
for the most part only after many weeks, and almost always only by con¬ 
nective tissue. In lighter uncomplicated wounds there appears, with simul¬ 
taneous softening of the cartilaginous basis substance, an increase of carti¬ 
lage-cells at the cut surface; the new formed cells leave the cartilage cap¬ 
sules, come to the surface of the wound and form common connective tissue, 
and from which later cartilaginous tissue or osseous tissue may be produced. 
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In deeper or complicated wounds the same changes take place at a greater 
depth, and new vessels are formed from the vessels of the perichondrium. 


Dorner (De grarioribus qnib. cartilaginum mutationibus, Tub., 1798) obtained the 
same results with respect to wounds of cartilage as were later arrived at by IIed- 
fern (1. c.). 

According to Reiz (-Stricker, Ber. d. Wien. Acad., 1807. LV., p. 501), the sur¬ 
face of wounds of the trachea is tilled by a fibrous cement-substance with nuclei, and 
the growing cai'tilage-cells send out filamentous processes, which reach from one 
wound-surface to the other. 

According to Archangelsky {Med. Clrlbl. , 1808, No. 42), the cicatrix of a carti¬ 
lage-wound consists of connective tissue ; this after a time gradually passes into car¬ 
tilage, whilst the connective-tissue corpuscles are transformed into cartilage corpus¬ 
cles ; from this fibrous cartilage there is later formed the true or hyaline cartilage. 
Barth ( Med. Ctrlbl., 1809, No. 40) observed regeneration in the costal cartilages of 
dogs and rabbits three months after their complete section ; union at first took place 
by new-formed connective tissue. Legros {Gaz. mid. de Par., 1809. No. 60), as 
well as Peyraud {Ibid., No. 28), experimentally found regeneration everywhere, 
when the perichondrium was retained. It proceeds from its lowest layer, i.e ., from 
the cells found in it. 

The SO-callee cartilage callus occurs sometimes in healing of frac¬ 
tures in man, and especially in many animals. 

A covering of new joints with cartilage is not infrequently observed 
after luxations, resections, in pseudarthroses, 

B. Hypertrophy of cartilage 

is rarely found pure, mostly in transitions into tumor. 

Uniform thickening of cartilage, e.g ., of the bronchial cartilages, occui’S 
in many bronchiectasise. 

Outgrowth of cartilage, ecohondroses, are represented by small, single, 
or multiple tumors, which occur not infrequently on the ribs, in the larynx 
and trachea, in articular cartilages, especially of the symphysis pubis, in 
arthritis deformans , also in the periphery of joints, and are mostly of no 
practical importance. (The so-called ecchondrosis splieno-occipitalis is a 
remains of the fcetal chorda dorsalis.) 

Dendritic vegetation forms small or larger, tufted formations, which 
are composed chiefly of vascular connective tissue on the free portion of 
cartilage-substance. They arise from synovial membranes, or from the 
periosteum, or from articular cartilage, especially of the knee-joint. The 
cartilaginous masses of the surfaces of joints, pediculated, mostly small, 
rarely reaching the size of a walnut, may finally, sometimes after succeeding 
partial calcification or ossification, become free : so-called free bodies in 

THE JOINTS. 

C. Cartilaginous tumor, enciiondroma or chondroma. 

Enchondroma is a single or multiple, mostly circumscribed, rounded 

tumor of varying size, with smooth or glandulous or lobed surface. En- 
chondromata consist almost never of cartilaginous substance alone, and 
indeed of one or many kinds of it, but at the same time almost always also 
of vascular connective tissue. 

Consequently, enchondromata on cut surfaces vary greatly in color, con¬ 
sistence, etc. First, with respect to the kind of cartilage, they consist 
either (and most often) of hyaline cartilage ; or (more rarely and only with 
other kinds of cartilage) of reticular cartilage; or of fibrous cartilage with 
homogeneous or fibrous basis substance — so-called hard enchondromata; 
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or of mucous cartilage, i.e ., of a mucous basis substance with round, oval, 
stellate, etc., cartilage-cells deposited therein—so-called soft or gelatinous 
engtiondromata. These kinds of cartilage sometimes form of themselves 
alone the whole tumor, sometimes they occur together in the same tumor, 
and are then sharply contrasted, or pass gradually into one another. Also 
with respect to the kind, quantity, and distribution of the connective 
tissue occurring at the same time, and varying in vascularity : the 
quantity of it varies so greatly, that many enclioudromata appear to the 
naked eye as connective-tissue tumors, in which there is no cartilage, or 
only scanty islands of cartilage. It forms always the capsule and often the 
sheath-wall of vessels in the interior. 

Soft or gelatinous enchondroma {each, molle s. c/elatinosum ) contains essen¬ 
tially larger stellate cells, is very moist, and shows a peculiar slippery, cut-surface like 
albumen of eggs. If it is rich in mucus, there is formed the encii. mucosum, which 
must be distinguished from the secondary softening of other enchondromata. If it 
contains stellate cells, there, arises Meckel’s stellate corpuscle-tumor, Virchow’s 
enck. myxomatodes if the cartilage, Virchow’s myxoma cartUagineum if the mucous 
tissue preponderates. Soft enchondromata contain an albuminous basis substance, 
thus arises Virchow’s ENcn. albtjminosum. 

The microscopical investigation of enchondromata furnishes manifold 
departures from the structure of the normal, embryonic, and formed types 
of cartilage. The quantity of cartilage-cells is for the most part very 
variable, as in normal cartilage ; sometimes very small, sometimes so large 
that the cells are flattened on opposite sides. Likewise with this arrange¬ 
ment, the size and form are manifold : the cells are often spindle-shaped or 
stellate and movable, whereby these tumors resemble mucous tissue, so 
much the more, as the basis substance is at the same time soft, even 
almost liquid. The membrane of cartilage-cells is sometimes double as in 
normal cartilage, sometimes it consists of many concentric layers, sometimes 
it is simple (osteoid enchondroma), sometimes every membrane seems to be 
wanting, so that free nuclei appear to be deposited in the basis substance. 
Fat-drops are for the most part found in the cell-contents. The cell-nucleus 
is single, multiple, of varying size, form (sometimes branched) and often in 
fatty metamorphosis or simple atrophy. The basis substance is of varying 
thickness and character. 

Further and more numerous differences arise through metamorphoses, which fre¬ 
quently occur in all the tissues of enchondroma. Aside from those, which also are 
shown by normal cartilage in greater or less degree (fatty infiltration and calcification 
of the cells) clouding and fibrous change of the intercellular substance), the following 
are especially worthy of mention : 

vascularization, which in many enchondromata precedes ossification, in others 
reaches a teleangiectatic development; 

calcification, which affects only the cells, or only the basis substance, or both at 
the same time ; 

ossification, which occurs as well in enchondromata of soft parts, as especially 
in those of bones, and affects sometimes only single, central or peripheral parts of the 
tumor, sometimes the latter in their whole extent, so that the tumor finally becomes 
an osteoid, sometimes the whole periphery of the tumor, so that the latter is inclosed 
by a bony shell, sometimes only a half of the enchondroma (e.g. , in those of the peri¬ 
osteum the parts on the side of the latter); 

tuberculization, which depends upon a for the most part partial metamorpho¬ 
sis of the enchondroma into a substance like yellow tubercle ; and 

SOFTENING, which consists in a fatty metamorphosis of the cells and in a mucous 
metamorphosis of the basis substance. It appears in few or very numerous points, or 
in the whole mass of the tumor, especially of large and soft enchondromata of bones. 
The affected parts arc soft like jelly, honey or synovia, clear or clouded, pale yellow- 
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ish or reddish in color; sometimes they inclose small cartilaginous remains. The 
internal surface of the cavities is for the most part uneven through normal or incom¬ 
pletely softened cartilage masses, rarely it is smooth. In the latter case there arises 
the so-called CYSTIC or CYSTOID ENCIIONDROMA. Sometimes the cavities break 
through outwardly: common or fistulous enchondromatous ulcer. 

Enchondromata occur especially in young individuals, sometimes even 
in the new-born. They oftenest affect the bones, more frequently their 
centre, especially in the bones of the hand of children, than their periphery 
and the periosteum, especially in adults (besides the bones of the hand and 
foot, especially the femur, tibia, humerus, pelvic bones, ribs, upper max¬ 
illa). Therein the articular surfaces almost always remain unaffected, even 
if, as not infrequently happens, the upper and lower bones of the joint are 
enchondromatous ( e.c /., in the bones of the hand and foot, in the knee- 
joint) ; also the surrounding soft parts remain for the most part intact. 
Enchondromata are more rarely found in the connective tissue of the skin, 
and between muscles, tendons, ligaments, intestines, on fascise, in the 
vicinity of and within glandular organs (most frequently in the testicles, 
parotid and submaxillary glands, lungs, mammae, ovaries—in all these parts 
for the most part combined with other tissues), in the brain, uterus, etc. 
Enchondromata are found most rarely in cartilage itself: e.c/., in the 
septum narium. 

With respect to the origin' of enchondromata, there remain, according to Vir- 
ertow, sometimes in growing bones some fragments of the original cartilage unossi¬ 
fied, which later become the points of departure for the formation of tumor, e.f /., 
in rachitis. Agreeing with this is the knowledge of the fact, that enchondromata 
often occur in parts of bone, which normally ossify late and irregularly, e.g. , in the 
vicinity of the synchondroses spheno-occipitalis, ilio-pubica, sacro-iliaca, in the 
vicinity of the epiphysal cartilages of tubular bones. Also enchondromata are 
not infrequently found in retained testicles, after traumatic influences, at points of 
fracture. 

The growth of enchondromata takes place for the most part concentri¬ 
cally, rarely so, that around the mother-tumors are formed new or daugh¬ 
ter-tumors. Enchondromata grow for the most part slowly, sometimes to 
a considerable size, but then they may remain stationary ; rarely they 
enlarge quickly (many enchondromata of the testicles and parotid glands). 

Enchondromata occur for the most part single ; more rarely several are 
formed, or even many at the same time or soon after one another: especi¬ 
ally in the phalanges of the fingers and toes of children, in the lungs. 

Enchondromata injure the affected organ and the whole organism for 
the most part only by their seat and size ; more rarely also by softening and 
ichorous formation. The simultaneous occurrence of numerous enchondro¬ 
mata is sometimes followed in children by a cachexia. Healing usually 
follows complete extirpation. In rare cases, especially in soft enchondro¬ 
mata, like tumors are developed in the appertaining lymph- and blood¬ 
vessels, in the lymph-glands, in internal organs, especially the lungs. Fur¬ 
ther extension takes place through embolism. 

Consult the exquisite cases by O. Weber ( Virch. Arc7i., XXXV., p. 501), and by 
Birch-IIirsciifeld {Arch. cl. Ileilk., X., p. 408). 

Enchondromata not infrequently occur combined with other tissues and 
tumors, most frequently with connective tissue, mucous tissue, fatty tissue, 
sarcoma, adenoma (salivary glands), carcinoma (testicle), cysts (ovaries). 
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Osteoid ENCHONDROMA (VIRCHOW) furnishes by boiling not chondrin, but gela¬ 
tin ; its cells are not encapsuled, but lie free in the intercellular substance; they 
are for the most part small, rarely round, mostly elongated, spindle-shaped or len¬ 
ticular, sometimes provided with processes ; the very abundant vascular intercellular 
substance is not fibrillar, but forms dense laminae, trabeculae or net-works, between 
which the cells are often scarcely recognized: in this there arises a great similarity 
with many fibromata. Osteoid enchondromata form in part the largest (in the cir¬ 
cumference) of the tumors of bone. They surround for the most part the whole 
bone. They are most frequent at the knee-joint—extremities of the femur and 
tibia. They have for the most part no bony shell. They contain sometimes only 
a small amount of calcareous salts and can be cut, but sometimes can only be sawn, 
especially at the base. Their uniform termination is ossification, rarely softening. 
Metastases also occur into internal organs. 


VIII. NE W-FORMATION OF MUSCULAR TISSUE. 

J. Vogel, Icon. hist, pat hoi., 1843, Taf.. IV.—0. Weber. Virch. Arch., 1854, 
VII., p. 115; Med. Centralbl., 18G3, No. 34; Virch. Arch., XXXIX., p. 210. —Bill¬ 
roth, Virch. Arch., 1855, VIII., p. 433; IX., p. 172. —Wittich, Kbnigsb. Jb.. 1801, 
III., p. 49.— Deitkrs, Arch. f. Anat. Phys. , u. s. w., 1801, p. 393.— Pkremeschko, 
Virch. Arch., 1803, XXVII., p. 110.— Colberg, Deutsche Klin., 1804, No. 19.— 
Zenker, Ueb. d. Verdnd. d. willk. Muskeln im Typh. abd., 1804, p. 51.— Buhl, 
Ztschr. f. Biol., 1805, I., p. 203.— Virchow, Diekrkh. Gcschw., 1807, III., 1. H., 
p. 90. — Neumann, Arch. f. micr. Anat., 1808, IV., p. 323 ; Arch. d. Heilk ., 1868, 
IX., p. 304.— Hoffmann, Virch. Arch., XL., p. 505. 

New-formation of muscular substance occurs as regeneration, as 
hypertrophy, and as tumor, as well in transversely striated as in smooth 
muscular fibres, and indeed most of these forms are of frequent occurrence. 

1. new-formation of transversely striated muscular fibres. 

A. Regeneration of transversely striated muscular fibres 
is found either after degenerative losses of substance, i.e., after those, 
where the primitive bundles degenerate, are destroyed and finally disap¬ 
pear, while the muscular stroma and bloodvessels remain unaffected; or, 
after destructive losses of substance, i.e., after those, where in con¬ 
sequence of cutting, laceration (about fractures of bones, etc.), of wounds 
with loss of substance, by suppuration, etc., all parts of the muscle (muscu¬ 
lar fibres, stroma, vessels and nerves) are destroyed. Regeneration, accord¬ 
ing to some, proceeds from the perimysium, from the sarcolemma, and 
especially from the muscular corpuscles, perhaps also from the nuclei of the 
capillaries, etc., in a manner probably similar to the physiological forma¬ 
tion of muscle; according to others, it takes place by longitudinal splitting, 
etc., of the old muscular fibres. 

The theories of the origin of new-formed muscular fibres widely differ. Accord¬ 
ing to most (Peremesciiko. Colberg, Buhl, Hoffmann) the so-called muscular 
corpuscles are especially concerned; according to others (Wittich, Deiters, 
Zenker, Waldeyer and others), new muscular fibres proceed from connective tis¬ 
sue. See also Gussenbauer (Arch. f. Min. Chir., 1871, XII., p. 1010). 

According to Buhl, Remak and others, pathological (as well as normal) muscle is 
enlarged always by a preceding division of the muscular nuclei in the transverse and 
in the long axis of the primitive bundle : thence is derived the elongation and 
increase in number of the bundles. By the longitudinal division of the nuclei there 
arise divisions and splittings of the bundles in the direction of their length. Also, 
according to Neumann, regeneration of degenerated muscles takes place in typhoid 
fever by a longitudinal splitting of old fibres. The sarcolemma is found in the inter- 
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cellular substance of the perimysium. In this the nuclei of the muscular fibres take 
no part. 

According to Neumann, the healing process of muscular wounds, like their 
regeneration in typhoid fever, consists in a gradual growth of the cut muscular 
fibres into the cicatricial tissue and through it, so that finally the separated ends 
of the fibres on both sides meet. 

According to Maslowsky ( Wien. Woehenschr., 18GS, No. 12) transversely striated 
muscular fibres are regenerated for the greatest part from migrated colorless blood- 
corpuscles. Similar to this view is that of Aufrecht ( VircJi. Arch., XLIV., p. 180). 
Both, as well as Kremtansky (1. c.), support their statements chiefly on the fact, 
that they have also found by injection of cinnabar into the vessels, some spindle- 
shaped cells of the cicatricial tissue containing cinnabar. According to Masl., the old 
muscular tissue contributes nothing to formation of the new. According to Auf¬ 
recht, this is the case and the muscular bundle is regenerated within the sarco- 
lemma, if the latter is retained in the wound. 

We her, by experimental investigation, found young muscular cells already on the 
second day after injury; from the beginning the second week these were very long, 
small and like primitive bundles. After four weeks, young muscles were perfectly 
developed. 

a. The restorative regeneration of muscles, which appears after 
degenerative losses of substance, occurs almost regularly in all severe 
febrile diseases, especially in typhus and typhoid fevers (in muscular fibres 
destroyed by granular, waxy or fatty degeneration—see p. 331), and in 
trichinosis (see p. 126), not infrequently in progressive muscular atrophy, 
and so-called essential paralysis of children, in traumatic and lead paraly¬ 
ses. 

WiTTicn first demonstrated the physiological regeneration of transversely 
striated muscles ; while in frogs, in the sleep of winter, the older muscular bundles 
waste by fatty metamorphosis, there appears a very extensive regeneration. Weiss- 
mann ( ZUchr. f. rat. Med., C. X., p. 279) saw the same in a frog, which by scanty 
nourishment had emaciated in the water to a skeleton, when in May and June it had 
received abundant food. Kolliker, Ildb. d. Geicebel., 1862, p. 214. Colberg, 
Zenker. Clinical observations of Duciienne of Boulogne : de Velectrisation loca- 
lisee , 1855, 2. Ed. De la paralysie musculaire pseudo-hypertropliique ou paralytic myo- 
sderotique , Paris, 1868. 

b. Reconstructive muscular regeneration, which serves for filling up 
after destructive losses of substance, appears only occasionally, whilst in 
most cases there is formed a vascular connective-tissue cicatrix. 

(Deiters, Peremeschko, Weber.) 

B. Hypertrophy of transversely striated muscular fibres 
is often found in the muscles of the trunk and extremities, as well as in 
the heart. In the muscles of the trunk and extremities muscular hypertro¬ 
phy is for the most part a result of increased activity (laborers, gymnasts, 
dancers, etc.); in the respiratory muscles (including the diaphragm) it 
appears in consequence of labored respiratory movements, especially during 
emphysema; in the heart it occurs on both sides or only in one half, in the 
ventricle as well as in the auricle, in consequence of increased activity as 
so-called concentric, simple, and excentric hypertrophy. In rare cases and 
from unknown causes the latter hypertrophy affects the tongue. In the 
latter part it forms a severe affection, making operation necessary. In the 
heart and respiratory muscles it is of the greatest practical importance, 
since it affects a so-called compensation of the underlying affections of the 
lungs, heart, great vessels, kidneys. The utility of this compensation 
ceases as soon as the new-formed muscular fibres degenerate or disappear. 

Microscopically, muscular hypertrophy consists in a thickening of pre- 
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existing primitive bundles and in a new-formation of these. The especial 
relations are not yet accurately known. 

Vogel. — Bardeleben, Virch. Arch., I., p. 487.— Lebert, Traite d'anat. path., 
I., p. 448. —Forster, Ildb., p. 804; Spec. path. Anat., 2. Aufl., 1863, p. 659.— 
Heschl, 1. c., p. 71.— Budge, Arch. f. plugs. Ileilk., 1858, p. 71.— Margo, Neue 
JJnters. lib. d. Entw. d. Muskelf., 1861.— Friedreich, Krkh. d. Herzens., 1861, p. 
286. —0. Weber.) 

Auerbach ( Virch. Arch., 1871, LIIX, p. 234 et 397) has observed a case of true 
muscular hypertrophy, in which the elements of the right biceps exceeded in 
breadth those of the left by one-half. In the hypertrophic muscles there were found 
at the same time a very important nuclear growth, which was almost proportionate 
to the increase in volume. The muscles as well as overlying skin were richer in 
blood-supply. Coiiniieim and Eulenberg found in muscular hypertrophy the 
muscular cylinders for the greatest part atrophic, but besides, some of colossal 
breadth. (See p. 30.6.) 

According to Maas (Arch. f. klin. Chir., 1872, XIII., p. 413) in macroglossia there 
is originally a hyperplasia of the whole or half of the tongue ; the enlarged tongue, 
not having room in the mouth, is exposed to manifold external irritants, is attacked 
by inflammations, the product of which is new-formation of vessels and connective 
tissue. 

According to Schiff ( Wien. med. Jahrb., 1872, p. 247) the ligamentum uteri 
rotundum shows on its upper border three portions of transversely striated muscular 
fibres, which, after they have reached the internal inguinal ring, are reflected to the 
transverse muscle of the abdomen. In the puerperal state they are considerably 
increased. They are according to Henle analogous to the two cremasters of man. 

C. Tumor of transversely striated muscular fibres 

(Rhabdomyoma, myoma striocettulare, myosarcoma, true myoma) 

rarely occurs pure (heart, tongue, body, extremities, testicles), for the most 
part mixed in form—tumors of the testicles and of the ovaries (commonly 
cystoid) containing numerous other tissues, also of the perineal region, 
mediastinum, perhaps also of the brain, rarely in other tumors (keloid, 
cancer). 

Observations of Rokitansky, Virchow, 0. Weber, Billroth, Benjamin, 
Senftleben, Wallmann, Recklinghausen, Lambl, Buhl, and the author. 
According to Buhl, who denies the new-formation of specific tissue-elements in 
adults,, transversely striated muscles have been found in the embryo obnormally in 
the testicles or ovaries, etc. 


2. NEW-FORMATION OF SMOOTH MUSCULAR FIBRES. 

This occurs in the form of hypertrophy and tumor; its regeneration is 
not yet known. 

Sometimes textures more or less like smooth muscular fibres occur also with ottier 
tissues, e.g., in enchondromata, sarcomata, cancers. We do not however yet know 
any safe rule by which to recognize them. 

A. Hypertrophy of smooth muscular fibres 

consists in a great increase of them, especially of their number. It is not 
infrequently found in the stomach, intestines, oesophagus, uterus, urinary 
bladder, prostate gland, bloodvessels, from various causes, generally in 
consequence of increased activity of these organs. The latter depends 
upon irritations of various kinds, especially inflammations, as well as in 
strictures between the hypertrophic organ and the surface affected (stenosis 
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of the oesophagus, pylorus, urethra, etc.). In the latter case the hyper¬ 
trophy serves as compensation of the stricture or stenosis often, so perfectly 
that the injurious effect of the stricture appears only when the hypertrophy 
from any cause disappears (most frequently by fatty metamorphosis). 
Hypertrophy affects, in membranous organs, almost always the intermediate 
connective tissue, as well as the connective tissue of the serous, subserous, 
mucous and submucous tissue, in the prostate often simultaneously also 
with the glandular tissue. 

Microscopically, new-formed muscular fibres usually perfectly resemble 
the normal fibres; therewith are also commonly found some of remarkable 
length and breadth. Hypertrophy probably occurs by division of muscular 
fibres already present. 


An enlargement and new-formation of organic muscular fibres occurs physiolog¬ 
ically in the female genitals as consequences of conception. The uterus, at the 
end of pregnancy, shows nearly a twenty-four fold increase in size, which is chiefly 
dependent upon muscular tissue. The muscular fibres are considerably enlarged (to 
form three to eleven times their length, and from two to five times their breadth), 
and to the sixth month there is a new-formation of numerous muscular fibres; also 
the intermuscular connective tissue, etc., increases (Kolliker). The round liga¬ 
ments, as well as the muscular bundles radiating from the most external layer of 
transverse fibres of the uterus between the two laminae of the broad ligament, like¬ 
wise increase considerably in size during pregnancy and acquire an excessive 
strength. LuscHKA found the same, especially in cases in which the broad liga¬ 
ments had continually experienced a considerable tension, especially in prolapsus 
uteri of long standing, developed in a superior degree {Mull. Arch., 1862, p. 204). 
At the time of heat, or of menstruation the spindle-shaped cells of the stroma of 
the ovaries (according to Rouget, Aeby and others, the muscular fibres) are more 
strongly developed (Aeby, Reich, u. Dub's Arch., 1801, p. 685). Also at the time of 
pregnancy they are much more developed (Grohe, Klebs). 

Smooth muscular fibres, according to Kolliker (Z. f. wiss. Zool ., I., p. 72), 
Forster, Hdb., p. 260), Arnold, and others, are formed from connective tissue, 
according to Molescuott and Piso-Borme ( Unters . z. Nut mi. , IX., p. 5) from 
muscular fibres themselves, partly by longitudinal splitting, partly by branching and 
budding. 

Johnson ( Royal Med. and Chir. Soc. , Dec., 1867) found the muscular layer of the 
small renal arteries very hypertrophic in all forms of chronic Bright’s disease. 

A strong enlargement of smooth muscular fibres is found also in ectatic veins, 
those with thick as well as those with thin walls (Soboroff, Virch. Arch. , 1872, 
LIV., p. 306). 

In many cases of chronic interstitial pneumonia (Corrigan’s cirrhosis of the 
lungs) there is found in the walls of the alveoli a new-formation not only of con¬ 
nective tissue, but also or even chiefly of smooth muscular fibres (Buhl’s muscular 
cirrhosis, in opposition to the fibrous. See Lungenentz, etc., p. 58). 

According to Eberth {Med. Ctrlbl., 1872, No. 15), there occurs on the surface of 
the human kidney a wide meshed net-work of smooth muscular fibres. In the 
stroma of the kidney itself, as well as in the capsule it is wanting, and yet small 
processes extend into the most superficial layers of the cortical substance. 

New-formation of smooth muscular fibres independently of pre-exist¬ 
ing SMOOTH muscular fibres, as in many membranes, in many sarcomata, etc., 
has not yet been certainly demonstrated. Arnold ( Virch. Arch., XXXIX., p. 270) 
found in a case of old empyema on the inner surface of the sack such quantities of 
smooth new-formed muscular fibres, that they formed a continuous tolerably thick 
muscular covering; they arose from rounded cells, most of which were situated 
toward the interior. A case earlier observed in the pleura and pericardium by Leo- 
Wolf {Ileidelb. Dies., 1832) presented an entirely similar character. Neumann 
{Arch. d. Ileilk. , X., p. 600) has shown on the other hand, that the characters of the 
above cases are not sufficient for the cells in question to be regarded as smooth 
muscular fibres, that these are much more probably connected with the development 
of new connective tissue. 
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B. Tumor of smooth muscular fibres 

(myoma, leiomyoma, fibromyoma, fibroid in the narrower sense, myo-fibroid) 

is in general like common fibroma (p. 385), of varying size, round, for the 
most part sharply circumscribed and easily enucleated. Its cut surface is 
smooth or uneven, glistening and similar, with respect to its contained 
smooth muscular fibres, to fibroma; or grayish-red, soft, irregularly fibrous; 
or consisting of small, diffuse, firmly connected, rounded tumors; or show¬ 
ing concentric laminae. 

The microscope shows besides common connective tissue and vessels, 
organic muscular fibres in varying quantities, rarely so that these form 
only the smallest portion of the tumor, but usually constitute its chief 
element. The muscular fibres lie sometimes imbedded in a for the most 
part scanty, rarely abundant connective tissue ; sometimes they form perfect 
trabeculae of varying strength. 

Myoma occurs by far most frequently in the body of the uterus, alone or 
in numbers, and in its immediate vicinity : it lies in its muscular substance 
(so-called interstitial myoma), or under the serous tunic, the latter some¬ 
times with a pedicle (so-called subserous myoma), or under the mucous 
membranes (so-called polypous myoma or fibrous polyp). It is more rarely 
found in the stomach, intestines, oesophagus, in the prostate (for the most 
part as so-called hypertrophy of the middle lobe), in the skin especially in 
the scrotum, in the walls of the veins (v. saphena and ulnavis). 

The metamorphoses and combinations, as well as the consequences of 
myoma are the same as those of fibroma. Especially worthy of note is the 
myoma cavernosum s. teleangioctodes, which not infrequently has the 
capacity of acute swelling and subsidence. 

The causes of myoma are: advanced age, great use, catarrhs of the 
affected mucous membrane. 

IX. NEW-FORMATION OF NERVOUS TISSUE. 

Arnemann, Vers., ub. Gehirn. u. Ruekenmark , 1787.— Flourens, Ann. , d. sc 
not., 1828, XXXIII. — Steinruck, Denerv. regenerat., 1838.— Xasse. Mull. Arch., 
1839, p. 405. —Schon, Mull. Arch., 1840. —Langer, Ban d. Nerven , 1842.— Brown- 
SfiQUARD, Gaz. med. de Par., March, 1850.— Waller, Mud. Arch., 1852, p. 392. 
—Bruch, Ztschr. fur wissenschaftl. Zool., 1854, VI., p. 135.— Wedl, Ztschr. d. 
Wien. Aerzte, 1855, XI., p. 13.— Lent, De nervorum disseetorum commutat. ac re¬ 
generat., Berol., 1855.— Fuiirer, Arch. f. j)hys. lleilk,. 1850, p. 248.— Marfels, 
Gorr.-Bl. d. d. Ges.f. Psych., 1857.— Klob, Ztschr. d. Wien. Aerzte. 1858.— Buiil, 
Aerztl. bayei'isches InteUigcnzbl., 1858.— Gluge et Thiernesse, Bull, de Vacad. 
r. d. sc. aBrux., 1859.— Philippeaux et Vulpian, Gaz.meJ., 1880, Nos. 27-39.— 
Hjelt, Virch. Arch., I860, XIX., p. 352.— Remak, Virch. Arch., 1862, XXIII.. p. 
441.— Sciiiff, Arcli. d. Ver. f. gemeinschaftl., Arb. I., p. 700; II., p. 413.— Neu¬ 
mann, Arch. d. Heilk, IX., p. 193.— Virchow, War zb. Verb., I., p. 141 ; Arch., 
III., p. 250; D. kranlch. Geschw., III., 1. H., p. 233.— Hertz, Virch. Arch., 1809, 
XLVI., p. 251.— Erb, D. Arch., f. klin. Med., 1809, V., p. 42.— Benecke, Virch. 
Arch., LV., p. 496. 

New-formation of nerve-tissue occurs almost always in the form of 
nerve-fibres, very rarely in that of ganglion-cells. In the former it is 
found as regeneration, as hypertrophy, and as nerve-tumor. 

According to Ranvier (Compt. rend.. LXXIIT.. 1871, II., p. 1168) every small nerve 
lies in a serous or lymphatic hollow space. A layer of endothelial cells with the con¬ 
nective tissue surrounding it, is to be regarded as its parietal layer. The visceral 
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layer corresponds to the external surface of the sheath of Schwann, and consists pro¬ 
bably of flat cells. The nutritive fluids circulate in this hollow space and reach the 
axis-cylinder through a colloid substance, which form peculiar constricting rings. 
Consult also A. Kky and Retzius, Arch. f. micr. Anat., 1873, IX.. p. 308. The 
PERINEURIUM of Robin is the envelope around each nerve-bundle, the endoneu- 
riu.m is the connective tissue in the nerve-bundle itself, the epineurium is the con¬ 
necting connective tissue outside of the perineurium between the bundles. Accord¬ 
ing to Ran-vier (Arch, dephysiol, norm, etpath .. 1872, IV., p. 120), nerve-fibres show 
ring-shaped constrictions, in which the medullary sheath is wanting. The portion 
of a primitive fibre lying between two constrictions always possesses only one 
nucleus, which lies almost exactly at a middle point between two constrictions. 

A. Tiie regeneration of divided nerves 
is effected differently, according as the previous division was simple or at 
the same time with resection of a piece of the nerve. In both , cases the 
portion of the nerve above the point of division remains normal (influence 
of the nervous central organ), while the nerve-fibres below the point of 
division (according to many only immediately below this, according to 
others in their whole course to their terminal distribution) degenerate. 
Degeneration leaves the sheaths of the fibres intact, affecting especially 
the medulla, in less degree the axis-cylinder. It consists at first in a 
slight coagulation of the medulla; then in an indentation and breaking up 
into numerous small pieces, which are at first angular, later rounded ; finally 
in a fatty metamorphosis of the latter with final resorption. According 
to many the axis-cylinder (which probably conducts nerve irritations) 
remains normal, according to others it is destroyed. According to many, 
in consequence of the metamorphosis of the medulla, the differentiation 
between medulla and axis-cylinder ceases and the degeneration of the fibres 
consists in a return to the embryonic state, where this distinction likewise 
does not exist. In the sheath of the fibres numerous nuclei appear, in the 
interior serum collects. 

After simple division of the nerves there appears an immediate union 
of the cellular sheath and axis-cylinder, destruction of the medulla and per¬ 
haps also of the axis-cylinder of the nerve-fibres of the peripheral end and 
subsequent regeneration of it. After resection of a piece of nerve 
there follows a degeneration of the fibres of the peripheral end of the nerve. 
The latter, as well as regeneration of these and that of the resected piece of 
nerve is differently described by different authors: according to most, the 
nuclei of the neurilemma undergo repeated division and then secrete a 
homogeneous mass, later becoming nerve-substance. The length of the 
resected piece, which is regenerated, may extend to 2-8 even 12-20 mm. 

According to a more I’ecent view, no essential difference exists in the 
regeneration, whether the nerve is simply divided or a piece is resected. 
New nerve-fibres arise in the central end of the nerve bv an endogenous 
formation of daughter-fibres within the old fibres; in the peripheral end 
new fibres are formed within the degenerated old fibres. Reunion of the 
new fibres arising in the peripheral portion of the nerve with the same 
fibres of the central portion follows probably from the ingrowing of the 
fibres of both ends of the nerve into the granulation-tissue. 

Very different theories exist, respecting the histological relations OF nerve- 
regeneration after divisions. Bruch and Sciiiff saw sometimes an imme¬ 
diate union of the extremities of nerves without previous degeneration, a so-called 
reunio per primnm intentionem. Hertz found a similar thing. 

According to Waller and Brucii, all the primitive fibrilke of the peripheral por¬ 
tion of the nerve are completely destroyed, and that complete regeneration proceeds 
from the central portion. According to Lent, of the primitive fibrillas in the peri- 
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pheral portion only the axis-cylinder and medulla degenerate, which are again 
formed from the remaining cellular sheath. According to ScillFF, only the medulla 
degenerates in the peripheral portion of nerves; the spaces are filled with new primi¬ 
tive fibrillye, which grow from both ends and are here united; then appear pale 
cylindrical striae, in which are formed at first the axis-cylinder, then the cellular 
sheath, finally the medulla. According to Lent, Hjelt and others, the number of 
nuclei in the connective-tissue sheaths increases remarkably after division of a nerve, 
as well in the cicatrix as in the peripheral piece, and the new nerve-fibres probably 
arise from them. 

Laveran ( Jour'll. de Vanat. et de la phys. , 1808, p. 305), and especially Hertz, 
regard the round, as well as the spindle-shaped cells proceeding from them, which 
lie in the sheath, between the fibres of the peripheral portion of the nerve and in the 
central swelling, as migrated colorless blood-corpuscles or their descendants. 

Remak concludes from an experiment, in which he examined the sciatic nerve 
eight months after division, that new nerve-fibres are formed within the sheath of 
Schwann, and indeed in place of one fibre many fibres were formed, that they proba¬ 
bly arise from the axis-cylinder and by longitudinal division of it. According to 
Neumann, the fibres of the central end of the nerve suffer a degeneration and a 
regeneration. The former consists in the disappearance of the medulla to the same 
extent, in which granulation-tissue is formed in the cellular sheath. Regeneration 
consists at first in an increase in breadth of the fibres, which especially affects the 
primitive sheath ; then in a longitudinal striation of the fibres and in a final splitting 
of the ends of the fibres into bundles of pale small parallel ribbons which extend 
above into medulla ted fibres, below into granulation tissue. Contrary to Remak, N. 
finds not only the axis-cylinder, but this and the metamorphosed medulla to split 
longitudinally. Gradually the fibres from the centre to the periphery become med- 
ullated: either by deposit of medulla, or by metamorphosis of their external layer. 
Finally, the thickened primitive sheath of the mother-fibres probably grows in 
between the individual daughter-fibres. Regeneration of the peripheral end of nerves 
results in like manner, and independently of the central end. 

According to Ranvier ( Compt. rend. , 1872, LXXV., p. 1831) the nuclei of the 
sheath of Schwann in the peripheral ends of nerves between two ring-shaped 
constrictions are, twenty-four hours after division of the sciatic or vagus, slightly 
swollen, surrounded with granular protoplasm. Forty-eight hours after, the nucleus 
is still larger, the protoplasm so swollen, that it penetrates the medullary sheath. 
After seventy-two hours, the nucleus is so large, that it fills almost the whole diame¬ 
ter of the primitive fibres; the medullary sheath is interrupted by a protoplasmic 
mass filled with fat; the axis-cylinder is likewise interrupted. On the sixth day, 
the medullary sheath consists of small well-defined particles ; the protoplasm con¬ 
tains numerous fat-granules, the nuclei of Schwann are increased. Fat-granules 
are found in the liat cells of the intra-fascicular connective tissue, and in the endo¬ 
thelium of the bloodvessels of the sheath. From the seventh to the twentieth day 
the nuclei no longer increase, the protoplasm is more scanty, the fractured portions 
of the medullary sheath are here and there spindle-shaped. In the CENTRAL portion 
of the nerve, myelin is distributed in fine fat-drops; the axis-cylinder is retained; 
the nuclei likewise increase and lie flattened between axis-cylinder and sheath of 
Schwann. According to Ranvier’s ( Gaz. d. hop., 1873, No. 36) experiments on the 
vagus, new-formation of divided nerves proceeds from the central ends. The nerve- 
bundles then arising form at first a filament, which extends toward the peripheral 
end, then is united with the degenerated fibres themselves. 

PhilippeATJX and Vulpian (Gaz. des. hop., 1861, No. 53) saw portions of nerves, 
separated from the centre, regenerated, when no reunion resulted with the central 
portions. They resected a piece, almost 35 mm. long, from the lingual nerve in two 
dogs and transplanted it under the skin in the inguinal region. After six months 
they found not only in the peripheral, isolated remaining piece of the lingual nerve 
very numerous new-formed nerve-fibres, but .also in the transplanted piece a num¬ 
ber of fine fibres of the thickness for the most part of 0.005 mm. 

After division of nerves, the pale terminal fibres in the interior of the motor ter¬ 
minal plate degenerate, while its nuclei and finely granular substance remain un¬ 
changed (Krause, Ztschr. f. rat. Med., 1863, XXI., p. 73). Concerning the regen¬ 
eration of the finest nerve-fibres, nerve terminal plates, etc., we know nothing. 

Bidder (Arch. f. Anat., Phys., ete., 1865, p. 67) found after division of the 
anterior and posterior roots of the nerves going to the posterior extremities, fatty 
degeneration of the nerves of the anterior root, but on the other hand, a normal 
condition of the nerves of the posterior roots, as well as of the sympathetic nerves. 
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(The nerve-fibres in the spinal cord are similarly affected in injuries and diseases of 
the cord.) 

Courvoisier {Arch. f. micr. Annt., II., 1. H., p. 13) has made use of the changes 
of the central and peripheric portions after section, to determine the direction of the 
course of the nerve fibres of the communicating branches of the sympathetic. Herein 
he observed in the (from the proper ganglion-cell) peripheral nerve-fibres at first 
coagulation of the medulla, then resorption of fat-globules and of the axis-cylinder, 
until finally the connective tissue sheath of the fibre is emptied and collapses. The 
nerve-cells also succumb to fatty degeneration. 

After bruising of nerves the medulla of the nerve-fibres undergoes the same 
changes as after division; but Err could demonstrate histologically as well as physi¬ 
ologically, that thereafter the axis-cylinder persisted in the peripheric portion. Erb 
likewise found at the point of bruise a considerable thickening of the neurilemma, 
caused at first by round, then by spindle-shaped cells, which thickening prevents 
regeneration of the nerves, but probably later disappears. 

[Consult Vulpian, Arch, de Phys. , 1874, p. 704 .—Cossy et Dejerine, Arch, 
de Phys., 1875, p. 567.—S. Weir Mitchell, Injuries of Nerves, Phila., 1872. — Ed.] 

The duration of nerve regeneration is shortest after simple incised 
wounds, as has been shown by surgical practice and experimental research. 
It is longer after resection of a piece of a nerve. If the latter exceeds a 
certain length (2-4 cent.) regeneration will not take place. In general, 
sensory nerves re-unite with restoration of function more easily than motor 
nerves. After healing of incised wounds of mixed nerves, sensibility is 
restored earlier than motility. 

Descot observed healing and complete restoration of function of divided nerves, 
in 40 days, Sciiiff in very young animals even in 7-14 days. Paget {Lect. on Surg. 
Path.) found in two cases the first traces of returning sensibility in about 15 days. 
After division of the facial nerve (in resection of the jaw) paralysis of the muscles of 
the face usually diminishes only after 2-3 months. 

The conduction of nerves in a double sense has been experimentally demonstrated 
by the union of the hypoglossal nerve with the lingual (Bidder, 1842 ; Philippe A ux 
and Vulpian, 1863; Rosenthal, 1864). 

Nelaton (1863) and Laugier (1864) have in man recommended suture of nerves 
for the quicker appearance of function ; it has been followed by this result only in 
sensory nerves. According to Laugier, by the suture motion has become possible in 
two days (?). According to A. Wagner, Scnun, Xussbaum, and Szymanowski 
(Prog. Vjschr,, 1865, IV., p. 52) conduction in sensory nerves is only partly destroyed 
after neurectomy, or is interrupted for only a few days. Conduction in sensory 
nerves may occur indirectly, without union of the ends of the divided nerve. This 
conduction through anastomotic nerve-branches can, according to Szymanowski, be 
shown : a. by anatomical preparation ; b. by sense of pain, which is felt by cutting, 
sometimes after division of the central end through the peripheric; c. by the fact, 
that only rarely is sensibility immediately and wholly destroyed by neurectomy of 
the nerves of the face. Etc. Physiologists have made similar observations with 
regard to the splanchnic nerve. 

Arloing and Tripier {Arch, de physiol., 1869, p. 33) have made probable the 
presence of collateral anastomoses of the ends of the cutaneous nerves in certain 
mixed nerves of the arm. This would explain in nerve-section a vicarious conduc¬ 
tion of sensitive impressions (in place of the so-called recurrent sensibility, assumed 
by many). 

After that Pfluger had shown, that the epithelia of the salivary glands of the 
mouth, of the pancreas, liver, are terminal organs of nerve-fibres, this holds good 
also for all true secretory glands. Very probably all true epithelia, at least in their 
young state, are connected with nerve-fibres. (The sudden turning gray of hair as a 
result of emotion.) {Arch.f. d. ges. Phys., 1869, 2. et 3. H., p. 190.) 

Regeneration of ganglia. 

That of the substance of the brain anil spinal cord has not yet been certainly 
shown. Regeneration may, without further evidence, be concluded from 
the often observed restoration of function. 
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According' to Valentine and Walter (Be regener. gangl., Bonn, 1853), a regen¬ 
eration of ganglion-cells occurs in animals after extirpation of ganglia. SCHRADER 
and Sciiiff did not find this confirmed. Arnemann, Brown-S£.quard and 
H. Muller observed in animals a regeneration of the lower portion of the spinal 
cord. SCHIFF observed the same after division of different parts of the spinal cord 
and brain. Masius and V. Lair (Med. Glrlbl., 1809, No. 39) observed in frogs an 
anatomical and functional restoration of the spinal cord (pieces from 1 to 2 mm. long 
were resected). It required about six months, and occurred in a manner similar to that 
after division of nerve-fibres. VoiT (Miinchn. acad. Ber., 1808) observed in doves a 
new-formation of brain-substance with restoration of its activity. 

H. Demme ( Militdr.-chir. - St udien, 1861, I.. p. 55) regards as probable a kind of 
immediate union in the central organs of the nervous system in incised and punctured 
wounds. In injuries of nerves connected with loss of substance, there is a filling up 
by means of interstitial cicatricial tissue. Once D. observed a regeneration of true 
nerve-substance in the central organs : it arises by free formation of primitive tubes 
within the connective-tissue intermediate substance. 


B. Hypertrophy of nerves 

occurs sometimes in hypertrophy of the organs concerned (as well of the 
extremities, as of the heart), but (except in the uterus, where it is physio¬ 
logical) never appears to affect the primitive fibres of the nerves, but only 
their connective tissue. However, a true hypertrophy of nerves probably 
occurs in the retina: it consists in thickening of the primitive tubes or 
in fibres formerly without medulla becoming medullary. 

C. Nervous tumor, true neuroma, 

consists of vascular connective tissue in for the most part preponderating 
quantity, and of nerve-fibres; the latter are rarely parallel, for the most 
part branched and closely interwoven, broad or small, mostly medullated, 
rarely without medulla ; usually without connection with the fibres of the 
affected nerve. 


Many neuromata contain almost only gray, non-medullated nerve-fibres recogniza¬ 
ble with difficulty in their bed of connective tissue : neuroma amyelinicum in oppo¬ 
sition to n. MYELINICUM. 

Virchow distinguishes the pure neuromata, in which the nervous elements pre¬ 
ponderate, the teleangiectatic neuromata, and, according to the kind of interstitial 
tissue, the fibrous, glious, and mucous neuromata. 

The so-called neur. cirsoideum s. plexiforme is characterized by the fact, that the 
nerve-fibres and bundles form, to the naked eye, irregular coils. It occurs most 
often in the temporal and cervical regions; it is for the most part or always congenital. 
Consult Verneuil, Ball, de la soc. anat. de Paris, 1857, p. 25.— Billroth, Arch, 
f. Jdin. Chir., IV., p. 547; XI., p. 232. — Bruns, Virch. Arch., L., p. 80. 

According to Forster ( Wiirzb. vied. Ztschr., II., p. 103) the nerve-fibres of neuro¬ 
ma proceed from spindle-shaped cells, which arise in the connective tissue, elongate, 
fuse one with another by their points and gradually receive contents similar to the 
medulla of nerves. Heller ( Virch. Arch., 1808, XLIV., p. 338). —Genbksich, lb., 
LI., p. 15. 


Neuroma occurs in the course of one or more peripheral, for the most 
part spinal, rarely cerebral and sympathetic nerves, in varying number, and 
usually as small, rounded, smooth, sharply defined, usually partly solid 
tumors. It is also found at the cut end of nerves in amputation-stumps. 

Neuromata are sometimes congenital, sometimes of traumatic origin. 
For the majority no cause of origin is known. 

The growth of neuromata is for the most part slow, and they rarely 
reach large dimensions. The limiting tissues become affected only through 
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pressure, not by metamorphosis into neuroma! tissue. They rarely retro¬ 
grade, metastases are not observed. 

Nerve-fibres have sometimes been found in pseudo-membranes of the 
pleura. In tumors proper no new-formation of them seems to occur. 

In cystoids of the ovaries, testicles, in tumors of the sacrum, medullary 
substance of nerves has a few times been found, especially gray substance, 
without connection with normal nerve-fibres. 

Observations of Gray, Vekneuil, and Virchow. 

In the wall of the cranial cavity there sometimes occur tumors of vary¬ 
ing size, for the most part simple, consisting of brain-substance, which 
tumors probably are congenital. 

Heterotopia of gray substance within medullary substance has been described by 
Meschede ( Virch. Arch., XXXVII., p. 567) and Virciiow (lb., XXXVIII., p. 136). 
Meschede ( Ztschr. f. Psych., XXI., p. 481) found in an idiot and epileptic per¬ 
son 19 years old a new-formation of gray brain-substance, not only in the surface of 
the ventricles, but also in the layers of white brain-substance bordering on the cor- 
•tex. Cases of heterotopia of gray substance in the medullary body of the hemi¬ 
spheres of the cerebellum : see Meschede, Virch. Arch., LVI., p. 82. Hyperplasia 
of gray substance of the brain, in the medullary body of the vermis cerebelli: see 
Meschede, lb., p. 97. 

Tubercula dolorosa are a for the most part subcutaneous movable tumors, the 
skin over them not at all or but little prominent, which of themselves or by pressure 
give rise to very severe pains. They are only in part neuromata, more often fibro¬ 
mata, etc. 

X. HETEROPLAS1.E OR HETEROLOGOUS NEW-FORMATIONS OF 
CONNECTIVE TISSUE, AND ANALOGOUS TISSUES. 

The new-formations considered hitherto are the so-called liomceoplasise or 
homologous new-formations, i.e., they all follow, in some or almost all the 
modes of their occurrence, physiological types; so that they are either 
entirely the same (regenerations, many hypertrophies), or their similarity 
easily suggests itself (many hypertrophies, tumors). 

The heteroplasle hereafter to be considered, or heterologous new- 
formations DEPART FROM THEIR PHYSIOLOGICAL TYPES IN SO MANY WAYS, 
that a separate consideration of them is necessary or advisable. But 
gradual transitions are in part also found in them, partly to the new-forma¬ 
tions already given, especially the tumorous, to many hypertrophies and to 
chronic inflammations, partly to the new-formations of cytogenic tissue to 
be considered hereafter. 

The new-formations belonging here proceed always from connective 
tissue and from analogous tissues, especially endothelium, never from 
epithelium. 


1. SARCOMA. 

(Fibro-cellular tumor. Tumeur fibroplastique. Fibro-nucleated tumor.) 

Abernetiiy, Surgical Obs. ; Classification of Tumors , Loud. 1804.—J. Muller, 
Ueb. d.fein. Bau, etc., dev krkh. Geschw., 1838, p. 7, 21, etc.—L ebert, Phys. path., 
1845, II.. p. 120 ; Abhandl., 1848. —Virciiow. Arch., 1847, I., p. 195 et 470 ; Pie 
krkh. Geschto. , II., p. 170. —Reinhardt, Path.-anat. Uvters. , 1852, p. 122. — 
Paget, Lecl. on Surg. Path., 1853, II., p. 151, 155, 212.— Billroth, Virch. Arch.. 
1856, IX., p. 172; XVIII., p. 82.— Volk.mann, Virch. Arch., 1857, XII., p. 27.— 
Rindfleiscii, Lehrb. d. path. Gewebel., 1866, p. 119; 1873, p. 103. —Neumann, 
Arch. d. Ileilk., 1871, XXII., p. 66; 1872, XIII., p. 305. 

( Consult besides the text-books of surgery and the literature of tumors generally.) 

In that which follows I have adopted especially Virchow’s description of sarcoma. 
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SARCOMA. 


Sarcoma is a tumorous new-formation which belongs to the group of 
connective-substance tumors (fibroma, myxoma, osteoma, glioma, etc.), 
as these are always vascular, but is distinguished from sharply defined 
species of this group by the preponderating development of the cel¬ 
lular elements as well in size as in number. Consequently, sarcoma 
is: or, and by far the most frequently, a sarcoma fibrosum, fibro¬ 
sarcoma, fibrous sarcoma; or, a sarc. mucosum s. gelatinosum, myxo¬ 
sarcoma, mucous sarcoma ; or, a s. gliosijm, glio-sarcoma ; or, a s. carth*- 
aginosum, chondro-sarcoma, cartilaginous sarcoma; or, a s. osteoides, 
osteo-sarcoma, osteoid sarcoma. 

It is not allowable to wholly abandon sarcoma as a special tumor and to regard 
each of the other species as a sarcomatous variety (as fibroma sarcomatosum, myxo¬ 
ma sarc., etc.); for many sarcomata pass directly from the stage of granulation into 
their higher forms of development, without having to exist as true connective tissue, 
mucous tissue, etc.; and a sarcoma, which is perhaps developed from a fibroma, 
myxoma, etc., later by infection generates daughter-tumors, which are not at first 
fibromata, myxomata, etc., but immediately become sarcomata. Nevertheless the 
observer is not infrequently in doubt whether he should call a tumor a fibrous sar¬ 
coma or a fibroma, etc. Still more difficult is it to draw the boundary line between 
many small and round cell sarcomata, on the one hand, and many lymphomata, 
non-epithelial medullar tumors, etc., on the other. (See Cancer.) 

The cells of sarcoma, its most important element, are very different 
in form, size, etc., but show in general either further development, or 
only hypertrophic states of the cells of the forms of connective-tissue 
substance. In many sarcomata they are small. They are, however, for 
the most part distinguished by their considerable size, still more by 
the size of their nucleus and nucleolus. With respect to form the cells are 
round, spindle-shaped, or stellate. The spindle-shaped cells appear in many 
cases wholly like the endothelial cells of serous membranes, vessels, etc., as 
well as connective-tissue corpuscles; nuclear, very delicate, transparent, 
thin, not granular, easily folded plates, which are sometimes invisible, and 
inseparably connected. In many sarcomata cells occur to a great extent, 
which consist half of protoplasm, half of fibrillar connective-tissue substance, 
and the firm masses represent the matrix of every connective tissue form¬ 
ing itself anew : fibroplastic corpuscles or fibro-blasts (see p. 373). The 
fibro-blasts are at first round, and gradually become spindle-shaped. The 
formed elements are elongated, and consist of a medium-sized, broad, for the 
most part flattened cell-body which is formed of granular protoplasm 
and provided with a vesicular nucleus and nucleolus, and has two bipolar 
processes, the substance of which shows a more or less advanced meta¬ 
morphosis of the protoplasm into bundles of fibrilhe. According to the 
form of the cells are distinguished the stellate or retifohm cell, and the 
round cell sarcoma ; according to their size, the large and the small 
cell sarcoma. Often only one of these forms occurs in the same sarcoma, 
but often one sarcoma contains them all, sometimes in different sections, 
sometimes close by side* of one another. Sarcoma cells are mostly uncol¬ 
ored, rarely in different degrees pigmented: melano-sarcoma, pigment- 
sarcoma. 

The stellate or reticular cell sarcoma is distinguished by the strong 
development and the number of the stellate cells, but often shows transi¬ 
tions to other sarcomata. It occurs especially as melano-, myxo- and glio- 
sarcoma. 

The spindle or fibre cell sarcoma (fibroplastic tumor, plasmoma), 
the most frequent form of sarcoma, consists of spindle-shaped cells, 
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■which show a comparatively thick body with large, oval or round, for the 
most part single, more rarely multiple nucleus and two, sometimes very 
long processes. Sometimes the processes are numerous, often branched. 
The free imclei occurring in many of these sarcomata have for the most 
part become free only through destruction of cells : so-called fibro-nuclea- 
ted sarcoma. The spindle-shaped cells are usually more or less parallel; 
they are separated by intercellular substance or are in almost immediate 
contact. Sometimes the spindle-shaped cells are concentrically arranged, 
or like the layers of an onion, around a clear, soft or calcified central point. 
Out of the cells are often formed larger trabeculae, lamellae or bundles: 
lamellar or FASCICULAR sarcoma. These sometimes form a radiate 
structure. More often many central points exist, an interweaving, a trabe¬ 
cular arrangement: trabecular sarcoma. Section shows then longitudi¬ 
nal, transverse and oblique section of the trabeculae, which in microscopi¬ 
cal pictures may lead to their confusion with carcinoma. In many sarco¬ 
mata the spindle-shaped cells have a similarity to young transversely 
striated, as well as with smooth muscular fibres, so that, especially with 
scanty or wholly absent intercellular substance, they may be confused with 
myomata. Most spindle-cell sarcomata belong to fibro-sarcomata. 

The round cell sarcoma is found most frequently as glio- and myxo¬ 
sarcoma (many forms of the former are almost like neuroglia—many of the 
latter are very similar to bone-marrow: myxo-sarcoma medullosum s. 
myelodes), less often as fibro-sarcoma, etc. In glio-sarcoma the for the 
most part small elements often lie in connected rows, so that its appear¬ 
ance is characterized .by a radiating striation : radiate sarcoma. The 
cells are usually so frail, that only the so-called free, mostly pale, 
cell-like nuclei with large nucleoli appear; in fatty metamorphosis, as well 
as in pigmentation, the cell-contour for the most part appears very distinct. 
The cells sometimes have two and more nuclei. Their contents are finely 
granular. Their form is spherical or irregularly rounded or oval; their 
size exceeds for the most part that of mucous corpuscles. The cells are 
always, if also with scanty and sometimes very soft basis substance, sepa¬ 
rated from one another. Transitions to medullary cancer arise in the latter 
case, or through the presence of vessels, especially if these have stronger 
connective-tissue sheaths, or through the remains of the earlier tissue. 

Monro’s milt-like tumor belongs in part to the round-cell sarcomata; also Bill¬ 
roth’s sarcoma with grannlation-like structure : the small, round cell with large 
nuclei lie in an amorphous intermediate substance—especially in the periosteum and 
cerebral meninges ;—LanGENBECk’s scrofulous sarcoma;—R lndfleisch’s lymph- 
gland-like sarcoma: the cells lie in the spaces of a delicate net-work, analogous to 
that of the lymph-glands, follicles, etc.—especially in the subcutaneous and inter¬ 
muscular tissues. 

The small cell sarcoma has the greatest similarity with glioma, lym¬ 
phoma and certain forms of granulations, regarded pathologically ; with the 
granular layers of the brain and retina, sometimes also with the medullary 
masses of the lymph-glands and young bone-marrow, regarded physiologi¬ 
cally. The cells are round or spindle-shaped. Between them there is a 
scanty homogeneous substance. These sarcomata belong essentially to glio- 
and myxo-sarcoma, and occur in the sheaths of vessels and nerves, in the 
skin, etc. 

The large cell sarcomata are for the most part fibro- and melano-sar- 
comata. The spindle-cells become very large ; between them is a scanty, 
homogeneous, or fibrous substance. 
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The GIANT-CELL sarcomata (myelo-plastic tumors), most frequently the 
myeloid sarcomata, contain large cells with a varying number (20, 30 to 
100) of, for the most part quite large, but somewhat pale, nuclei inclosing 
one or many nucleoli, which latter lie in a finely granular, sometimes 
yellowish, often very dense and less transparent substance. Therewith are 
often found transitions to common cells with single nucleus. 

The pigment sarcoma contains within its cells scanty or abundant, very 
small or larger, light brownish or blackish molecules. It proceeds more 
often from the choroid and skin. Eventually secondary sarcomata are 
likewise often pigmented, rarely without pigment. 

On a melanoma of the cornea, consult Langiians, Virch. Arch., LI., p. 117. 

The intercellular substance of sarcomata is rarely pure connective 
tissue, but for the most part contains a tolerably large quantity of albu¬ 
minous, caseinous, or mucinous elements. It is besides homogeneous, or 
granular, or fibrillar. The basis substance is fibrillar most often 
in fibro-sarcoma. The fibrilhe are usually denser, staffer and more 
stretched than in common loose connective tissue. The basis substance is 
granular most often in the glio-sarcomata, also in many small cell myxo¬ 
sarcomata. Homogeneous intercellular substance is sometimes hyaline, 
gelatinous, as in many myxo-sarcomata especially of bone-marrow, but 
where it for the most part is traversed by fibres ; sometimes the basis sub¬ 
stance is very dense, like hyaline cai’tilage, as in many fibro-sarcomata, 
especially of the brain; sometimes later it thus becomes dense and then 
leads to calcification and ossification, as in many osteo-sarcomata. Not 
infrequently all three kinds of basis substance occur beside one another. 

The relation between the basis substance and the cells of sarcoma is 
usually such, that the latter are arranged parallel with the former, 
and are firmly imbedded in it. But not infrequently the connection 
between the for the most part small round cells and the basis substance is 
so loose, that in common or rather in pencilled sections there appears a fine 
net-work, which resembles that of cytogenic tissue : so-called granulation¬ 
like or lymphoid or lympiiadenoid sarcoma. Or the cells (pale or pig¬ 
mented) of sarcoma reach in tbe subcutaneous connective tissue, muscles, 
bones, eyes, etc., a greater development, become more like epithelium and 
distend the basis substance into distinct spaces or alveoli: so-called alveo¬ 
lar sarcoma, sarcoma carcinomatodes. If the tumors are pigmented, 
like pigmented round cells, single or accumulated, but not with an alveolar 
arrangement, will often be found in the stroma. 

Consult concerning the latter. Billrotii, Arch. f. Min. Ghir., 1869, XI., 1. H., 
p. 244. Rindfleiscii, Lehrb., 1871, p. 112. Neumann calls only those sarcomata 
alveolar, the cells of which, deposited in the meshes of the alveolar stroma, are 
characterized by the tendency of their protoplasm to metamorphosis in intercellular 
substance like connective-substance cells. (See Cancer.) 

Vessels are an integral constituent of all sarcomata. They show some¬ 
times no departure from their usual structure, sometimes their wall is 
wholly, or with exception of the most internal layer metamorphosed into 
sarcomatous tissue. The vessels are sometimes present in usual number; 
sometimes they so far preponderate in number and width, that whole por¬ 
tions assume a peculiar appearance : sarcoma teleangiectodes. This is 
very prone to internal and external haemorrhages : sarc. h.emorrhagicum. 
This may again become the starting-point for pigment formation, which 
must be distinguished from autochthonous pigment: proper melanotic, and 
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haemorrhagic colored sarcomata. Many sarcomata show still a peculiar 
parenchymatous coloring, which belongs to certain tissue-elements, just as 
the color of muscles belongs to primitive muscular bundles. 

Sarcomata occur most frequently in and under the skin: common large 
sarcomata; so-called flesh-warts, verrucce corneas s. molles y many pigment 
spots, congenital, so-called ncevus pigmentatus , spilus , as myrinecine; 
melano-sarcomata. Also between the muscles and on fascia? (of the abdo¬ 
men, back, and extremities), in the mediastinum and in the orbits; on the 
periosteum, on the gums (so-called epulis), and in the interior of bones, 
especially of the ends of long tubular bones and of the lower jaw ; in the 
female mammae, in the testicles ; the adventitia of vessels, in the sheaths 
of nerves. Rarely they are found in internal organs, especially the brain 
(common sarcomata and many so-called tubercles of the brain), spinal cord 
and its membranes, especially on the dura mater, in the lungs, liver, kid¬ 
neys, pancreas, uterus, etc. In the lungs, liver, heart, mucous and serous 
membranes sarcomata occur for the most part only secondarily, in lymph- 
glands primarily and with comparative rarity secondarily. 

The origin of sarcoma takes place most often from common connective 
tissue, especially also from the adventitia of bloodvessels and the nerve- 
sheaths, or from an analogous tissue (mucous tissue, osseous tissue, etc.), for 
the most part in such a way, that at first by division, etc., of the cells there 
arises a kind of granulation tissue, usually with new-formation of blood¬ 
vessels, with or without new-formation of intermediate substance, or with 
partial destruction of the latter. Less often, in a similar manner, from 
parts or from the whole mass of a tumor of another kind of connective 
tissue, cartilage, etc.), there ai'ises a sarcoma (transformation or degenera¬ 
tion). 

Lucre, Lambl, Cornil-Ranvier, but especially Robin ( Journ. deVanal. et de 
laphys., 1869, VI., p. 269), Golgi (see Psammoma) and Neumann (Arch. d. Ileilk., 

1872. XIII. , p. 805) have shown, that many so-called spindle-cells of sarcomata appear, 
on closer examination, etc., similar to the endothelium of serous membranes, vessels, 
etc. Since also fixed connective-tissue corpuscles are, by Ranvier and Boll, 
considered as endothelial cells, the connective-tissue character of sarcoma is corro¬ 
borated by these more recent investigations, if perhaps an endothelial new-formation, 
an endothelioma (Golgi) be left out of consideration. (Consult also Miciiel, 
Arch. d. Ileilk ., 1873, XIV., p. 39.) 

The influence of the locality on sarcomata is clearly evident : osteoid 
sarcomata often appear on the surface of bones; softer, medullary forms 
richer in cells, in the medullary cavity; pigmented sarcomata often in the 
skin and choroid ; glio-sarcoma in nerve-centres; firmer, especially fascicu¬ 
lated sarcomata with large spindle-cells, in fibrous membranes, especially 
fascia 1 , in the sclerotic and dura-mater; soft, gelatinous or pulpous sarco¬ 
mata with very delicate intercellular substance preponderate in the glands. 
Secondary and primary sarcomata have in general the same character. 

Sarcomata are mostly single, tumorous, and very rarely multiple from 
the beginning. They are sometimes sharply circumscribed, rarely encap- 
suled, sometimes diffuse. Sometimes in the vicinity of the single tumorous 
sarcoma new nodules appear, which are connected with the old tumor, so 
that they then have the appearance of being lobes of the former. On the 
skin, on mucous and serous membranes sarcoma is sometimes polypoid in 
shape: polypous sarcoma. 


The greater number of sarcomata are tumor-like. Diffuse sarcoma, which has 
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GROWTH OF SARCOMATA. 


the form of an infiltration or hypertrophj', occurs especially in the muscles, in the 
female breast, and in the testicles. The new-formation takes place in the interstitial 
connective tissue, while the muscular fibres, gland-cells, etc., for the most part 
undergo atrophy. Under certain conditions pre-existing cavities and canals dilate 
into cyst-like forms (so-called cysto-sarcomA), especially in the mammae. 


Sarcomata are of very varying size; they are largest in the mediastina 
and in the extremities. They are rounded or irregular, spherical or flat¬ 
tened, on the surface uniform or lobed. Nothing general can be stated 
with respect to their consistence and the character of their cut surface. 

With respect to consistence, sarcomata are hard or soft : to the former belong 
in general steatoma or lardaceous tumor of the earlier writers, most cases of fibro-, 
chondro-, and osteo-sarcoma; to the latter the until now so-called fleshy tumors and 
their derivatives, medullary tumors, most cases of myxo-, glio-, and mclano-sarcoma. 
Their consistence depends chiefly upon the character and abundance of the intercel¬ 
lular substance. Every variety of sarcoma may in parts, some may even through¬ 
out become so rich in cells and thereby so soft, that the special type of the mother- 
tissue is wholly lost: sarcoma medullare (fibro-sarc. med., myxo-sarc. med., etc.), 
or, since the medullary depends upon the abundance of cells: sarc. multi-cellulare. 


The further general properties of sai’comata show great differences, 
especially with respect to the character of the sarcoma itself and the kind 
of organ affected. 

Sarcomata are for the most part painless. 

Their influence.DA the organ affected, and on the wnoLE organism de¬ 
pends chiefly upon their seat (brain, spinal cord, mediastinum, etc.), as 
well as upon their size, moi’e rarely upon their metamorphoses. 


All sarcomata which are very rich in cells, especially in small cells, are in high 
degree suspicious, and herein are the small cell glio- and myxo-sarcomata hardly 
inferior to the medullary cancer. Opposed to these are the fibro-sarcomata with 
colossal spindle-cells, and even the soft sarcomata with multi-nuclear giant-cells. 
Further, malignity depends upon the organ affected : sarcomata of the testicle tend 
much more to metastasis than those of the ovary ; the spindle-cell sarcomata of the 
brain are almost without exception solitary, those of the bones more often multiple; 
sarcomata of fasciae afford a more favorable prognosis than those of mucous mem¬ 
branes. An especially great extent is reached by the for the most part very cellular 
sarcomata of the mediastinum, orbits, the deep-lying cervical sarcomata, many retro¬ 
peritoneal sarcomata, many lying deep in the extremities, especially in the thigh, 
many diffuse sarcomata of the uterus. The pigmented medullary sarcomata of the 
interior of the eye are by their progress to the neighboring structures, especially the 
cerebral pia mater, and by their metastases, especially dangerous. 


The growth of sarcoma is sometimes from beginning to end slow, 
sometimes at first rapid, later slow, sometimes rapid to the end. 

Growth takes place sometimes in only one direction, sometimes in all 
directions along the tissues from which the sarcoma took its rise: e.g., 
along the periosteum, or mucous membrane in the nasal cavities and in all 
cavities connected therewith. Growth takes place with especial preference 
along the small bloodvessels. Many sarcomata are for a long time seques¬ 
trated by more resistant surrounding structures: thus those of the articu¬ 
lar extremities in the articular cartilage, others by fibrous membranes 
(periosteum, fascine, sclerotic), by the walls of large vessels. After over¬ 
coming these obstacles, growth then usually becomes rapid. Sarcomata 
either remain always circumscribed, or become in parts or throughout 
diffuse, i.e., pass to all parts and tissues of the vicinity. 


PSAMMOMA. 
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I saw a man, 30 years old, affected by an acute SARCOMA of the peritoneum with 
simultaneous peritonitis run its course in hardly six weeks—analogous to the cases 
of acute miliary tuberculosis and acute carcinosis. 

Complete cure sometimes follows extirpation, at other times there is 
recurrence months or years thereafter, in the cicatrix, more rarely in the 
proper lymph-glands (hence the name: recurring fibroid). After operation 
of the latter, cure sometimes results, sometimes one or many return, in 
some cases as many as twenty. Even now perfect cure is still possible. 
But, more frequently, the recurring tumors are always richer in cells and 
diffuse, and sarcoma appears in the vicinity of the mother-nodules, or the 
proper lymph-glands (which, however, not infrequently remain perfectly 
free), or in internal organs, most often in the lungs, also in the liver and 
kidneys (thus especially in sarcomata of bones). 

The retrograde metamorphoses of sarcoma, which occur comparatively 
often and are for the most part intense, are: inflammation, sometimes 
with consecutive ulceration or icliorization; laceration of vessels; simple 
atrophy and thereby formation of yellow foci-like tubercle; fatty metamor¬ 
phosis sometimes with consecutive softening (and in consequence of it partial 
resorption, or ulceration, or cyst-formation), sometimes with subsequent 
cheesy transformation or tuberculization; calcification. 

The causes of sarcoma remain almost always unknown. Predisposed 
thereto are riper age, as well as parts, which had been once or oftener ex¬ 
posed to injuries or other irritations. 

On the possible relations of sarcoma with constitutional syphilis, see Esmarch (v. 
Wasmer, Beitr. z.Aetiol. u. Ther. d. Sarcoms. Kiel. Diss., 1872). 


APPENDIX. 

PSAMMOMA. SAND-TUMOR. 

Vmcnow, Die krankh. Geschio ., II., p. 107.— Cornil et Ranvier, Man. d'lmt. 
path. , 1869, p. 133. —Golgi, Sulla strutt. e fn/Ua evilappo degli Psammomi. Pavia, 
1869. —Schuppel, Arch. d. Heilk., X., p. 410. —Steudener, Virch. Arch., L., p. 
222 .—Arnold, lb., 1871, LII., p. 449.— Neumann, Arch. d. Heilk., XIII., p. 305. 

Psammoma is a for the most part very vascular tumor of fibromatous, 
myxomatous, or most often of cellulo-sarcomatous nature, which is distin¬ 
guished by the constant occurrence of variously abundant, round or rounded, 
concentrically laminated chalky masses. The latter resembles the cerebral 
sand occurring constantly in the pineal gland, often in the choroid plexus, 
etc. The tumor occurs not infrequently, single or multiple, on the dura 
mater cerebri and in the choroid plexus, less often in the brain and other 
parts of the body (lymph-glands, spleen, peritoneum, orbits, etc.). Their 
consequences depend especially upon their seat. 

ViRCHOW first described psammoma. In ScnuPPEL’s case there was at the same 
time a colossal thickening of the pericranium. According to S. the bloodvessels, 
present in great abundance, determine the starting-point of the tumor’s develop¬ 
ment, and also from them proceed the sand-bodies; their organic base is the obsolete 
vascular processes. Also, according to Cornil and Ranvier, the sand-bodies of 
the choroid plexus arise within the vascular buds or ampulla-form dilatations of the 
vessels of the plexus as true phleboliths. They likewise appear in like tumors of 
the dura mater (so-called sarcomes angiolithiques). Steudener, on the other 

hand, regards those tumors only as psammoma, whose tissue by its slow growth and 
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almost want of tendency to multiplicity stands midway between fibroma proper and 
solid spindle-cell sarcoma. Into this tissue numerous chalky bodies of the appear¬ 
ance and properties of cerebral sand are deposited. According to Arnold, chalky 
globules and rods are formed by petrifaction of the contents of the vessels, by local 
petrifaction of the vessel itself, by local increase and petrifaction of the adventitia; 
also by calcification of connective-tissue bundles, by that of cell-groups; a part 
finally are true concretions of non-organic origin. 


2. SYPHILOMA. 

(Tuberculum s. gumma syphiliticum. Tumor gummosus, gummy tumor.) 

Ricord, Traite prat, desmal. verier., 1838.— Dittiucii, Prag. Vtljschr., 1849, I., 
II. — Barensprung, Deutsche Klin., 1858, No. 17; Ann. d. Char., IX., p. 110. — 
Virciiow, Arch.. 1858, XV., p. 217; Die krkh. Gcschw., II., p. 393. — Wilks, 
Transact, of Path. Soc., Load., 1858, et seq.— Lebeut, Hdb. d. pract. Med., 1859, I., 
p. 370.— Chassaignac, AUg. Wien.med. Ztg , 1859, No. 50. — Robin, In van Ordt, 
Des tumeurs gommeuses, 1859, No. 44. —Steenberg, D. syphil. Hjernelidelse, 1800. 
—Buhl (-Lindwurm), Wtirzb. med. Ztschr., 1803, III., p. 154. — E. Wagner, Arch, 
d. lleilk., 1863, IV., p. 1, 101, 221, 350; V., p. 121; Univ. - Programm., 1803; 
De syphilomate ventriculi .— Wegner, Virch. Arch., L., p. 305.— Oedmannson, 
Nord. Medic. Ark., 1871, I., No. 18. 

Consult besides, the literature of Syphilis in general; the text-books of patho¬ 
logical anatomy of Rokitansky, Rindfleiscii, Klebs, Green. 

Syphiloma is a new-formation of varying extent, dependent upon consti¬ 
tutional syphilis, apparently circumscribed or diffuse, and occurring in 
almost all tissues and organs. Tts essential elements are similar to the 
colorless' blood-corpuscles, for the most part cells with a single and large 
nucleus and free nuclei, which, single or few in number, are imbedded in a 
connective tissue poor in vessels. 

Syphiloma shows manifold transitions, for the most part recognizable 
in the fresh state, to many forms of granulation tissue and to many sarco¬ 
mata. 

Syphiloma occurs in all vascular tissues and organs: most frequently in 
the skin, especially of the genitals and anus (indurated chancre, broad con- 
dylomata, larger so-called gummata), in the subjacent parts, especially the 
subcutaneous connective tissue, in the muscles, periosteum and osseous tis¬ 
sue, liver; more rarely in the testicles, epididymis and its membranes; in 
the dura mater and pia mater; in the mucous membrane and other mem¬ 
branes of the mouth, tongue, throat, stomach, large and small intestines, in 
those of the larynx, trachea and bronchi; in the spleen, pancreas, lungs, 
brain, heart and great vessels, thyroid gland, kidneys. 

Syphiloma, in the fresh state, is represented by a grayish red, soft, 
homogeneous mass, sometimes presenting scattered blood-points, and with¬ 
out fluid, or affording a scanty mucous, clear or clouded liquor. It either 
forms, in membranes as well as in parenchymata, nodular masses of the 
most varying size, from that of a millet-seed to that of the fist, of a round, 
rounded, or irregular form, sometimes with an apparently sharply defined 
boundary; or it assumes, especially in membranes, more rarely in parenchy¬ 
mata (lungs, liver, spleen), the form of diffuse infiltrations of the most 
varying extent; or finally, nodular masses occur in a diffuse infiltration 
(lungs, liver). 

After a varying existence, syphiloma passes either into. simple atrophy 
with scanty fatty metamorphosis, or into ulceration or formation of 
cavities; or both occur simultaneously. In the former case the new-for¬ 
mation gradually becomes gray or yellowish-grav, firmer, drier, juiceless; 
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at first for the most part only in the centre, more rarely also in the peri¬ 
phery. The limit between the reddish gray and yellow parts is usually 
distinct. In the other case irregularly depressed ulcers of varying size 
occur on the surface of the skin or mucous membrane; in parenchymatous 
organs, as well as in nodular infiltration of superficial tissues cavities are 
formed, which contain in a serous or mucous liquid the remains of the 
firmer or cheesy mass. 

Microscopically, syphiloma consists of cells or nuclei, or of both at the 
same time, so that sometimes the former, sometimes the latter exceed in 
number. Young syphilomata, as well as the peripheral parts of older 
ones, contain for the most part only nuclei, or nuclei and isolated cells; the 
older syphilomata, not yet very atrophic, consist for the most part oxdy of 
cells or of cells with few nuclei. The nuclei offer nothing characteristic. 
They are from 0.01 to 0.02 mm. large, round or rounded, or somewhat 
angular, rather rarely show processes of division, and contain for the 
most part a distinct nucleolus. The cells resemble most uni-nucleate 
colorless blood-coi’puscles. Their size varies, however, sometimes between 
0.01 and 0.03 mm.; some are even still larger. Their form is for the 
most part round, sometimes oval, or angular with flattened sides when 
they press against one another. The cell-membrane is almost always 
distinct, its contents moderately granular; the nucleus, centrally or eccen¬ 
trically located, is for the most part single, rarely double, and for the most 
part comparatively large. 

The relation of the cells and nuclei to the surrounding substance is char¬ 
acteristic. The former lie oftenest isolated in very small hollow spaces 
surrounded by connective tissue. The latter is for the most part so scanty, 
that between the single cells only fine connective-tissue fibrillse are visible. 
Besides the forms named, there is not infrequently found also those, where 
more than one cell, ten and even more cells are within one alveolus. If very 
fine sections be brushed, there will appear after removal of the cells either 
true alveoli, i.e., sharply defined, empty, round or oval spaces; or in the 
previously apparently simple alveolus are seen the finest fibrilhe, which 
sometimes again form very small and distinct alveoli within the large 
alveoli. 

The connective tissue in which cells and nuclei are imbedded is some¬ 
times present in large quantity, as often in the corium of the skin and 
mucous membranes, in the connecting cellular matter of organs or parts of 
organs; sometimes it is scanty, as in membranes of organic muscular fibres, 
in elastic membranes, in parenchymata poor in connective tissue (liver, 
lungs, brain, etc.). That connective tissue occurs sometimes very abund¬ 
antly in older syphilomata, so that apparently only callous masses are 
present, is the consequence of simple and fatty atrophy and subsequent 
resorption of the cellular elements. The capillaries and larger vessels of 
the cellular infiltrated tissue appear to suffer only slight changes. 

Biesiadecki ( TJnters ., 1872, p. 5) found the lymphatics in an indurated chancre 
dilated and filled with fluid and cells. 

The most frequent metamorphosis of syphiloma is simple atrophy of 
the cells and nuclei, for the most part simultaneously with slight, rarely 
with high degrees of fatty metamorphosis. Both metamorphoses affect, 
for the most part at first, the central and oldest portion of the new-forma- 
tion, whence they always extend outward toward the periphery, so that 
the latter sometimes only microscopically shows elements still unchanged. 
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Through these metamorphoses ulcers arise, in diffuse superficial extension 
on the skin and mucous membranes, cavern-like cavities in moderate 
nodular infiltration in membranes and parenchymata. If this atrophy hap¬ 
pen remote from the surface of the skin or mucous membrane, and the 
highest layers of these be only little or not at all infiltrated, there will ap¬ 
pear on their surface points resembling cicatrices, or which are truly 
cicatricial. Haemorrhages, and metamorphoses of the extravasation into 
pigment are only rarely found in syphiloma. 

Connective tissue, especially the adventitia of vessels, forms the point of 
departure of syphiloma. In some organs, which are especially poor in con¬ 
nective tissue, the cells and nuclei of syphiloma arise by the growth of the 
nuclei of the capillaries, with subsequent fibrous metamorphosis of the 
capillary wall: thus in the brain, liver, etc. 

In most cases the cells and nuclei are the only new-formation of syphi¬ 
loma. But not infrequently a simultaneous new-formation of connective 
tissue undoubtedly takes place, especially in parenchymatous organs poor 
in connective tissue (brain, liver, spleen, etc.). 

The hardness of indurated chancre depends not only on the dryness of 
the tissue and in the cellular infiltration, but also on a new-formation of 
connective-tissue fibres (Biesiadecki, 1. c., p. 7). 

Most probably there also occurs a peculiar affection of the arteries in 
constitutional syphilis: this has been investigated especially with respect to 
the brain (Passavant, Heubner, Flechsig). 

The influence of syphiloma on the organism depends upon the fact, 
that the affected portions of the membranes and parenchymata are more ox- 
less incapable of function : partly upon the deposit of cells and especially of 
nuclei; upon compression or secondary atrophy of the capillaries, gland- 
cells, nerve-fibres, ganglion-cells, etc. In canals (air-passages, etc.) there 
results, besides, a conti-action of them, which exei'ts an influence vai-ying 
with the locality, extent of the contraction, etc. (so-called syphilitic steno¬ 
sis of the larynx, trachea, portal vein) ; in cavities containing air these 
become smaller even to a complete evacuation of the air (so-called syphilitic 
pneumonia). In consequence of cicatrization there result the so-called 
lobings of the liver, tongue, tonsils, etc. 

If the membrane affected form at the same time a matrix for the parts 
suppoi-ted by it, e.g., epithelium, the nutrition of this will suffer, especially 
if cellular infilti-ation affects chiefly the superficial layers. This is seen in 
the common portions of the skin, mucous membrane of the mouth and 
throat; also in the nails (syphilitic onychia). 

In i-are cases, after a long duration of common syphiloma, thei*e occui-s 
one of the vei-y numerous miliary new-formations similar to genex-al miliary 
tuberculosis and carcinosis, and spi-ead over many organs. These new- 
formations at first show the structure of syphiloma, and furnish a form 
clinically similar to acute tuberculosis. 

Syphiloma in its relations to other new-formations differs in most 
respects essentially from them all. 

In the first place, syphiloma is essentially different /etio logically. The predis¬ 
position thereto is general, like pus-formation. Syphiloma occurs at every age; it 
is especially frequent in the foetus, in each sex. (Concerning bone- syphilis occurring 
in the foetus: so-called osteochondritis syphilitica at the points of transition of the 
diaphyses to epiphysal cartilages—consult Wegner ; Waldeykr and Kobner, 
Virch. Arch. , LV., p 367. *)—The exciting causes of syphiloma are better known than 
those of other new-formations. 


* Consult R. W. Taylor, Syphilitic Lesions of the Osseous System in Infants and 
Young Children. N. Y., 1875.—[Ed.] 
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The symptomatology also of syphiloma is in many cases very distinct. In 
general the symptoms in so-called secondary syphilis are acute; the pathological 
disturbances are partly congestive hypersemia, partly superficial, in part deeper 
inflammations with sometimes scanty, sometimes abundant exudation. On the other 
hand, in the so-called tertiary period the symptoms are on the average chronic: the 
new-formations, as well as the sometimes resulting gangrenous processes, appear 
slowly, last a longer time and retrograde slowly, for the most part with loss of sub¬ 
stance. 

The gross and microscopical texture of syphiloma are in most cases so char¬ 
acteristic, that confusion with other new-formations is impossible. Syphiloma fur¬ 
nishes most analogies in structure, as well as in the form of its occurrence, growth, 
origin, influence on the mother-tissue, on the surrounding tissues and the whole 
organism: in its diffuse form, with many diffuse or so-called infiltrated suppurations, 
with the granulation-tissue in so-called tumor albus of the joints, with granular and 
trachomatous affections of mucous membranes, with the diffuse new-formation of 
tubercle, lymphoma, cancer; in its appearance as tumors with many abscesses, sar¬ 
comata, and cancers. A comparison with lupus and tubercle is inadmissible. 

Whilst I refer to the literature of syphiloma of individual tissues and organs I 
give prominence only to many affections, which, partly on account of the simulta¬ 
neous occurrence of other syphilitic affections, in part finally from the gross ana¬ 
tomical and especially histological character belong doubtless to syphiloma. They 
are : many cases of lupus, many cutaneous ulcers belonging to no known affection, 
many peculiar affections of the dura mater and pia mater, many tubercles of the 
meninges and brain, many laryngeal tumors, the so-called white hepatization of the 
lungs of the foetus, some cases of peculiar pulmonary tubercules, many affections of 
the liver until now referred to inflammation with formation of cicatrix, many cases 
of so-called glossitis dissecans , many tubercles of the spleen, many cases of so- 
called hypertrophy of all the membranes of the stomach, many intestinal ulcers. 

On SYPHILIS OP THE placenta consult: Virchow, Arch ., XXI., p. 118. —GUS- 
serow-IClebs, lb., XXVII., p. 321.—R. Maier, lb., XLV., p. 317. --Slavjansky, 
Prog. Vtljsohr., 1871, CIX., p. 130.— Kleinwachter, lb., CXIV., p. 93— Oed- 
mannson, Nord. med. Arck., I., 4. H., p. 73.— Ekcolani, Della malatie della 
■placenta, 1871. —IIennig, Stud. ub. d. Ban d. mensc/d. Blue., 1872. 

According to Frankel (Arch. f. Gyndk., 1873, V., p. 1) there are many forms of 
syphilis affecting the placenta. If the mother remains healthy and the syphilis is 
conveyed by the father directly to the ovum, the villi of the fcetal placenta will show 
deforming cellular granulation growth with obliteration of the vessels, more often 
also strong growth of the epithelium of the villi. If, on the other hand, the mother 
is syphilitic, there are three possibilities: a. the mother by the act of conception 
becomes syphilitic simultaneously with the foetus: then for the most part there will 
arise in the placenta diffuse syphilis of the villi, sometimes also, endometritis 
placentaris;— b. if already before conception or soon after, the mother becomes 
affected: the placenta will remain normal, or show endometritis placentaris gum¬ 
mosa or decidualis ; — c. if the mother becomes affected from the seventh to the tenth 
month: there will, for the most part, be a normal placenta and normal fcetuS. 


3. LUPUS. 

Berger, Diss. de lupo ., 1849. — Martin, Illustr. med. Zeit., 1852, I.— Poiil, 
Virch. Arch.. 1854. VI., p. 174. — Moiis, De lupi forma et structura nonn-., Lips., 
1855. — Ausiutz, Oestr. med. Jahrb., 1864. — Geddings, Ber. d. k. Acad., 1868, 
LVII.— Virchow, Die lcrankh. Geschw ., II., A., p. 482. — Guterbock, Virch. Arch., 
1871, Lin., p. 344. 

Lupus new-formation consists of nuclei and cells, which form a diffuse 
or nodular infiltration of the coriurn of certain parts of the skin (especially 
of the face) and sometimes of the bordering mucous membranes. The 
new-formed nuclei have nothing characteristic; they are for the most part 
round, more rarely oval, small or of medium size. Cells are sometimes 
entirely wanting, or are present in slight quantity, or they form the chief 
element; they resemble sometimes uninuclear colorless blood-corpuscles, 
sometimes they are larger, rounded or irregular, sometimes they in part 
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resemble epithelium. All these elements lie for the most part in a scanty 
or somewhat abundant basis substance. Sometimes most of the above 
cells resemble common pus-cells. Sometimes spindle-shaped cells, similar 
to those of sarcoma, are more or less abundant. A new-formation of capil¬ 
laries is still doubtful. The epithelium of the gland-ducts or glandular ex¬ 
tremities and of the hair follicles, accumulates in large quantities, are con¬ 
centrically laminated, and then are often macroscopically visible. 

The elements of lupus show still further differences with respect to 
arrangement, extent, metamorphoses, etc. They most frequently form 
very small (to and above the size of a pea), rounded, reddish or brownish 
nodules, between which the skin or mucous membrane is not normal, but 
exhibits like changes in less degree. This uniform or nodular infiltration 
sometimes does not extend to the upper surface of the corium: the skin or 
mucous membrane above appeal’s normal or shows a moderate scaling, until 
after a varying time the lupus elements are resorbed and there is left 
behind a smooth or radiating cicatrix. This is lupus non exedens ; or if 
there occurs a more abundant exfoliation of the surface, lupus exfolia- 
tivus. If the nodules or uniform infiltration are more marked, the new- 
formation is called lupus hypertrophiuus. If the new-formed elements 
perish, after that they have reached the surface of the skin or mucous 
membrane, and ulcers result, which for the most are covered with crusts, 
their base consisting of lupus masses, then there arises lupus exedens, 
vel EXULCERANS, Vel RODENS, vel ESTHIOMENOS. 

From the above representation it follows, that not only the various kinds of lupus 
are founded only on the different modes of extension, various metamorphoses, etc., 
but the new-formation itself shows manifold analogies with many acute and chronic 
formations, with typhous and carcinomatous formations and especially with syphi¬ 
loma. Of especially practical importance is the so-called SYPHILITIC LUPUS, which, 
if it occurs without other syphilitic affections, is only little or not at all character¬ 
istic, but yields to anti-syphilitic treatment. 

ItiNDFLEiscu ( Lehrb ., 1871, p. 290) regards lupus as a peculiar adenoma of the 
sebaceous and sweat glands : the body of the sebaceous gland becomes about five 
times larger, the root sheath of the hair presents here and there, in place of fiat epi¬ 
dermal cells, large vesicular forms; the hair itself disappears, etc. The small cell 
infiltration is. according to R., secondary, according to others primary. 

With Auspitz (1. c.), Friedlander (Med. Gtrlbl. , 1872, No. 48) also found that 
lupus stands histologically in a very near relation to scrofulo-tuberculous affec¬ 
tions. 

Buscii (Arch. f. Iclin. chir. , 1872, XV., p. 48) describes an epithelioma-form of 
lupus. This agrees in structure most with the so-called yaws or framboesia, whilst 
also here at first there appear papulous and nodular, later soft, fungous, condyloma- 
tous excrescences. This form of lupus has its favorite seat in the extremities, 
especially their extensor side. Numerous processes and club-shaped projections, 
which have a blunt extremity or are branched dendritically, consisting wholly of 
epithelial cells, project from the surface into the common lupus tissue. The disease 
runs a very chronic course. It is followed, according to its extent, depth, etc., by 
necrosis of the bones, formation of strong, contracted cicatrices, etc., and almost 
always heals, and is therefore with respect to life, harmless. 


4. LEPRA. 

I 

Boeck and Daniellsex, Oni Spedalskhed , 1847; Traite de la spedalsked ou ele¬ 
phantiasis des Orccs. Paris, 1848.— Forster, Path. Anal., 2. Aufl., I., p. 455. 

Lepra, elephantiasis gr.ecorum, leprosy, formerly spread over all Europe 
and also in Germany, is now found in Europe only in Iceland, Norway (spedal- 
SKnED), the Baltic sea provinces of Russia, and in the countries bordering on the 
Caspian and Mediterranean seas ; besides in Asia Minor, Arabia, Egypt, India, China 
and a few points in America. In many regions it appears as a wide-spread endemic, 
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in others only to a small extent, affecting every age of life, but for the most part 
between the tenth and twentieth years; cure is very rare. Death generally results 
from anaemia, atrophy, profuse diarrhoeas, pneumonia, pleuritis, or meningitis. 

The common form of lepra, lepra TUBERCULOSA, is characterized by a nodular 
formation. There are developed in the skin and in many other organs tumors which 
by their whole nature belong to the lymph-cell tumors. These vary in size from that 
of a pea to that of a hazel-nut, sharply circumscribed, at first dense, with a 
smooth, homogeneous section, but soon they become soft, pap-like, and liquefy, 
whereby the included tissues are destroyed with them, resulting in the formation 
of cavities and ulcers; their color is yellowish-white. The microscope shows 
that the tumors are for the most part composed of round granular cells, like 
lymph-cells, between w'hich is found a granular albuminous substance. The 
nodules are at first small, and grow by continuation of the new-formation in 
the periphery for a long time, until they reach their size and then perish. 
Sometimes there is a secondary extension to the lymph-glands. Lepra-nodules 
are developed, under preceding red spots, at first in the skin and in the oorium 
itself, especially of the face, but also of the trunk and extremities. Primarily 
they always appear multiple : they are at first hard, but they gradually soften, 
break through the skin and form ulcers, which are for the most part covered with 
thick crust, in which in Norway numberless itch-mites are found. Sometimes the 
nodules before breaking through gradually disappear again; in rare cases, in which 
the ulcers heal, are formed white, radiate, fibrous cicatrices. The nodular forma¬ 
tion and ulceration extend also to the eyelids, conjunctiva, the mucous membrane 
of the mouth, the tongue, the nasal cavities, especially the septum, the mucous 
membrane of the larynx, trachea and bronchi; then to the muoous membrane of the 
intestines, uterus and tubes. Numerous nodules are also found in the serous mem¬ 
branes, in the liver, spleen and kidneys, secondarily in cervical, bronchial, mesen¬ 
teric. and coeliac glands. The lung always remains free (in internal organs the dis¬ 
tinction is hereby made from tuberculosis, with which lepra otherwise has great 
similarity). 

hi the other form of lepra, LEPRA AN.ESTHETICA, the nodules are absent; on the 
other hand, there is found on the surface of the spinal cord a thick yellow, dense 
mass, w’hich acts like a fibrinous or albuminous exudation, but probably represents a 
diffuse new-formation of the same character as the lepra-nodules. By these masses 
the spinal cord becomes atrophic, and then there results paralysis of sensation, later 
also of motion with alteration of nutrition, which is manifested as mummification 
and necrosis of the skin, gangrene of the fingers and toes and throwing off of these. 
In some cases lepra tuberculosa and amesthetica are combined in the same indi¬ 
vidual. 


5. CONNECTIVE-TISSUE CANCER (MEDULLARY CANCER). 

Of the two chief forms of cancer new'-formation, the epithelial and the 
connective tissue* the latter should be considered here. But for many 
reasons both forms of cancer will be considered together, infra. 

• XI. NEW-FORMATION OF CYTOGENIC TISSUE 
(ADENOID SUBSTANCE, RETICULAR CONNECTFVE TISSUE). 

Consult the works on normal and pathological histology of Billroth, His, Vir¬ 
chow, Henle, Kolliker, Heidenuain, Frey, Sciimidt, Eckhard. W. Muller, 
Stieda, Lusciika, Krause, Boll, Rollet, Recklinghausen, the author, as 
well as the literature of typhous and leucocythaunic new-formation. 

Cytogenic or adenoid or reticular connective tissue, formely called 
false or conglobate glandular tissue, consists of a vascular fibrous frame¬ 
work and of cells. The former forms, about the vessels or independently, 
net-w r orks of either stellate nuclear or non-nuclear cells, wliich proceed from 
the cellular net-work, trabecula), affording gelatin or albumen, similar to 
connective tissue or elastic tissue, which resist acids, but not caustic alka¬ 
lies. The cells, with little fluid, fill the round or angular meshes of the 
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framework as dense masses. They resemble the colorless corpuscles of the 
blood and lymph, or are free nuclei. They increase actively, and so in 
many places serve as compensation for those which pass out of the affected 
organs into the lymph and bloodvessels. Cytogenic substance is found in 
the lymph-glands, in the pulp and Malpighian bodies of the spleen, in the 
tonsils, in the glands at the root of the tongue and in the pharynx, in the 
gastric and intestinal follicles, in the mucous membrane of the stomach and 
intestines, in the thymus, etc. It is sometimes contained in follicles, some¬ 
times in masses and without defined limit in the more common connective 
tissue. 

New-formation of cytogenic substance is of frequent occurrence, in 
form of hypertrophy, as well as of tumor. The latter is more rarely 
hyperplastic and then shows numerous transitions to hypertrophy; it is 
much more often heteroplastic. A regeneration of cytogenic tissue in its 
entirety is not yet certainly known. 

Most of the processes here concerned are not so sharply defined as is the 
case in new-formation of other tissues, but in part pass into one another, in 
part into many acute and chronic inflammations and into some new-forma- 
tions already described, glioma and sarcoma. Besides, our histological 
knowledge with respect to the new-formations in question is often insuffi¬ 
cient to authorize us to establish more sharply defined limits. The mode 
of origin of cytogenic tissue is not yet known with certainty, and even the 
derivation of the round cells lying in the spaces of the tissue is not infre¬ 
quently doubtful: they may proceed from the net-work, or be introduced 
with the lymph, or have migrated from out of the bloodvessels. Still more 
imperfect is our physiological knowledge of normal, as well as of the new- 
formed cytogenic tissue: for while the small round cells formed in many 
hyperti'ophies of this kind serve in some cases for the increase of colorless 
blood-corpuscles (many acute diseases, such as typhoid and puerperal 
fevers, and especially leucocytlnemia), nothing similar is known of most 
other new-formations, which are the same or similar, macroscopically and 
microscopically. 


On the development of normal cytogenic tissue, see also Seiitoli, Wien. acad. 
Sitzgsber. , LIV., p. 149. 


A. ITypertlastic formation, or true hypertrophy of cytogenic tissue. 

IIyperplasle of cytogenic tissue are frequent, acute or chronic, local 
or wide-spread. The organs affected increase in various degrees in volume. 

Hypertrophy of cytogenic tissue affects either only its soft cellular parts, 
or all its elements. Hypertrophy of the cells consists sometimes only 
in their enlargement and in an increase of the intercellular fluid ( e.g ., so- 
called catarrh of the lymph-glands), sometimes and much more frequently 
in an increase of their number : hyperplasia of the juice. But since the 
cells of the tissue of the lymph-glands, spleen, etc., are not to be distin¬ 
guished from colorless blood-corpuscles and pus-corpuscles, they are identical 
therewith, since also the causes of the hyperplasias and inflammations coin¬ 
cide in many respects, so for the most part there remains no limit between 
the two processes until further processes, especially abscess-formation, 
make their appearance. Hypertrophy of the vascular fibrous framework 
rarely occurs alone, but for the most part with increase of cells. 
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a. Hypertrophy of lymph-glands 

is rarely primary, oftener secondary ; it is acute, subacute and chronic. 
The following forms are distinguished : 

a. The pure hyperplastic form, in whicli there results a new-formation of 
follicles, lymph-channels, and bloodvessels ; 

/3. The hypertrophic form, wherein the follicles, as well as vessels, are 
enlarged by increase of all their elements ; 

y. That form, in which the follicles increase in size, by simple increase of 
the juice of the lymph-glands ; 

8. That form, wherein the trabecuhe and capsule, by infiltration with 
lymph-cells, are metamorphosed into a tissue like that of the follicular sub¬ 
stance, so that the structure of the gland at all points is perfectly uniform. 

The first two and last forms are mostly chronic, the latter forms the 
lympho-sarcoma proper of surgeons; the third form is acute and represents 
the common non- or half-inflammatory swellings of the lymph-glands. 

According to W. Muller (Z. f. rat. Med., CXX., p. 119), all the elements parti¬ 
cipate in true hyperplasia of the lymph-glands. The sub-capsular, so-called envelop¬ 
ing spaces are retained in part even with considerable enlargement of the glands. The 
tissue of the lymph-channels shows a preponderating embryonic character, consisting 
of a granular, striated, pale basis substance containing delicate nuclei, which 
increase by division. The new-formation of lymph-glands results in such manner 
that in this embryonic tissue of the lymph-channel, delicate connecting fibres 
appear between the lymph-glands, which are connected with the offshoots of adja¬ 
cent capillaries, and are in part transformed into thin-walled capillaries. These 
vascular connecting fibres, enveloped with lymph-corpuscles which proceed from 
a part of the embryonal nuclei, become lymph-tubes, in which there later appears the 
fibrous net-work and a distinct incomplete boundary lamella. Some portions of the 
fibrous net-work may also persist in the broad lymph-tubes formed in the embryonal 
state. The ampullaa enlarge by increase of the lymph-bodies and metamorphosis of 
the fibrous net-work into a nucleus-bearing substance more embryonic in character. 

In primary hypertrophy occurring in external parts (neck, etc.) and in cavities, 
which occurs in otherwise healthy and in scrofulous, for the most part young individ¬ 
uals, the lymph-glands are similar to many sarcomata, but are distinguished especi¬ 
ally by the homogeneousness of the superficial and cut surfaces, by the intimate 
blending of lymph-gland swellings of other kinds with the neighboring glands. Con¬ 
sult especially Billroth, Beitr. 1858, p. 168; Virch. Arch., XXI., p. 423. 

To SECONDARY hypertrophy of lymph-glands belong most lymph-gland swellings 
in simple inflammation of peripheric parts, external (inflammations of the skin, 
pseudo-erysipelas, etc.) as well as internal (e.g., bronchial glands in bronchitis, pneu¬ 
monia, mesenteric glands in intestinal catarrh, cholera, etc.), in many so-called 
zoonoses, in infection from dead bodies, in many contagious diseases, especially 
scarlet-fever, small-pox, syphilis, in many pyaemias, in typhoid fever (so-called med¬ 
ullary infiltration of the mesenteric, hepatic, splenic, bronchial glands), in leuco- 
cythaemia (so-called lymphatic leucoeythamiia), in cancer (so-called sympathetic or 
consensual gland-swelling), etc. 

Bee also Hansen, Bidrag til Lymfekertlernes norm, og patol. Anat., 1871. 

Swelling of the lymph-glands affects sometimes only one ora few adjacent 
glands of external or internal parts; sometimes a series of them on the 
surface of the body (simple and syphilitic inflammations, post mortem 
infection, serofulosis, etc.) ; sometimes finally most external or most inter¬ 
nal lymph-glands, or both at the same time (leucocythsemia, so-called 
primary hypertrophy without leucocythsemia, etc.). The lymph-glands thus 
changed exist for a long time without further change, sometimes they con¬ 
tinue to grow, sometimes further changes appear in them (inflammation, 
suppuration, ichorization, tuberculization, calcification, etc.). 
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1). Hypertrophy of the solitary follicles 
of the stomach, large and small intestines, as well as of Peyer’s patches in 
the small intestines, occurs, especially in the lower portion of the small in¬ 
testines, in various degrees and under varying conditions. The latter 
correspond in general to those processes in which also the mesenteric 
glands show a like affection. The histological forms resemble those of the 
lymph-glands. 

In typhoid fever this hypertrophy of the intestinal follicles, proper mesenteric 
glands and spleen, forms the most important anatomical character. But often at the 
same time here there is found a new-formation of cells and a deposit of them, cor¬ 
responding to the conditions of cytogenic tissue, into the pre-existing connective 
tissue, also in the vicinity of the affected portions of the intestines, even into the 
peritoneum, liver, etc. 

According to Henle, solitary follicles (conglobate glands) sometimes occur also in 
the vagina. 

A probably heteroplastic new-formation of solitary glands in the great omentum is 
described by Wedl ( Oestr. Jahrb., 1861). 

c. Hypertrophy of the spleen 

often occurs as such, in form of the so-called swellings of the spleen with 
increase of the size of the follicles or of the quantity of the pulp or of both 
at the same time, with or without hyperaemia. The conditions under 
which these true and false hypertrophies appear, are essentially the same 
as in hypertrophy of the lymph-glands. The greatest volume is reached by 
the hypertrophic spleen in lienal leucocythaunia. The microscopical rela¬ 
tions of all these forms are known only imperfectly. 

Rokitansky ( Wien. allg. med. Ztg. , 1859, p. 98), Griesinger {Arch. d. Ileilk ., V., 
p. 898) and others found in the interior of the spleen small or larger encapsuled 
tumors, which consisted of splenic tissue, and which were analogous to the so-called 
accessory spleens. 

d. Most swellings of the tonsils, not acute, are dependent upon a 
true hypertrophy of their glandular tissue, for the most part with simul¬ 
taneous increase of the contents and stroma of the follicles. 

In what relation this hypertrophy in children stands to the sometimes simultane¬ 
ously present emaciation, deformity of the thorax, anaemia and digestive difficulties, 
it is still unknown. 

e. Hypertrophy of the cytogenic tissue of the posterior wall of the 
pharynx not rarely occurs, sometimes diffuse, sometimes in form of tumors 
varying in size from that of a pea and larger. 

B. Wagner, Arch. d. Ileilk ., VI., p. 816. 

f. Hypertrophy of the cytogenic tissue of the conjunctiva is the condi¬ 
tion of the so-called trachoma. 

The lymph-follicles of the ' conjunctiva, which are regarded as pathological forms 
by Stromeyer {Deutsche Klinik , 1859), Blumberg, Wolfring and others, are of 
a physiological nature (Brucii, Henle, Krause, Huguenin). (Schmid, Lymph- 
foUikel d. Bindehaut des Auges. , 1871.) 

g. So-called hypertrophies of the thymus gland of the new-born, children 
and adults, and of various degrees, have been described in quite large 
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numbers; and yet there is still wanting a pathologico-liistological investi¬ 
gation of them. 

h. Red bone-marrow 

consists, according to more recent investigations, of cytogenic tissue, and, 
histologically as well as functionally, is to be placed by t]ie side of the 
spleen, partly also by that of the lymph-glands. Histologically, a like 
character of the medullary elements is found in the bone-marrow, and a 
similar arrangement and structure of the bloodvessels (the small arteries 
pass directly into much wider thin-walled blood-spaces, analogous to the 
cavernous splenic veins). After injection of insoluble coloring matter into 
the blood, this appears also in the bone-marrow, especially abundant in 
that of animals whose spleen has been removed (vide p. 154). The 
behavior of bone-marrow varies with the bone, age, etc. : so-called red, 
lymphoid or lymphatic,—so-called yellow or fatty,—and mucous or gelatin¬ 
ous medulla. The former is found in all foetal bones, and in those of the 
child until from the tenth to the fifteenth year. It remains in the bones of 
the trunk and in those of the cranium, while in the remaining bones fatty 
medulla appears in its place. The third occurs in senile marasmus and in 
exhausting diseases in place of the second. The cytogenic tissue princi¬ 
pally, in an especially striking manner the bone-marrow, takes a manifold 
part in the general diseases of the organism. Concerning acute general 
diseases vide p. 440. In chronic diseases with general marasmus it is often 
transformed into a substance like mucous tissue. The yellow fatty medulla 
of tubular bones passes, under the same conditions, into cytogenic tissue. 

Consult Vnicnow, Entw. des Sdadelgrundes , 1857, pp. 36 et al.— Recklinghausen, 
Canst. Jahr., 1867, I., p. 324.—Especially Neumann, Med. Ctrlbl ., 1868, p.689; 
1869, No. 19.— Arch. d. Ileilk., 1869, X., pp. 68 et 220; lb., 1870. XI, p. 1.—Also 
Bizzozero, Gaz. med. Lomb., 1868, No. 46; 1869, No. 2; Virch. Arch., 1871, 
LII., p. 56.— Hoyer, Med. Ctrlbl., 1869, No. 16 et 17.— Ponfick, Virch. Arch., 
1869, XLVIII., p. 1; lb., 1872, LVI., p. 534.— Waldeyer, lb., 1871, LII., p. 305. 

Since the arterial transition-vessels of bone-marrow have constantly a very much 
smaller lumen than the capillaries, the circulation in them is a very sluggish one. 
By this, and in consequence of their special structure, a metamorphosis of the 
abundantly accumulated colorless blood-corpuscles into colored is favored and 
actually takes place. Consult especially Neumann (1. c.), and the formation of 
blood-corpuscles. Bone-marrow, like the spleen and mesenteric glands, contains 
numerous large cells with remarkably numerous red blood-corpuscles, which undergo 
pigmentary metamorphosis. This is most intense and extensive in typhoid fever, 
but is also found in less degree in other febrile diseases. 

Like Neumann, Ponfick also found many pathological changes of bone-marrow, 
corresponding to known changes in the spleen : the yellow foci from embolism of the 
nutrient artery, sarcoma, tubercle. Gelatinous metamorphosis, which preponderat- 
ingly affects more advanced age, occurs only on the extremities of bones. In acute 
infectious diseases, especially typhoid, relapsing, intermittent fevers, also pneumo¬ 
nia. there is found, as in the spleen, a strong hyperplasia of all the elements with 
nuclear growth, and giant-cells (cells containing blood-corpuscles and lymphoid ele¬ 
ments). P. also saw an extended fatty change of the vessel wall (not observed in the 
spleen). In amyloid disease, only insignificant changes are found in the medulla. 

Hypertrophies have been observed with certainty, neither in the supra¬ 
renal capsules, nor in the pituitary gland. 

B. Heteroplasia, or heterologous formation of cytogenic tissue. 

New-formation of cytogenic tissue in parts of the body where it does not 
occur in a normal manner, is found under very varying conditions, as well 
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with respect to the causes, as the gross and histological structure, as finally 
the relations to single organs and to the whole organism. It seems proper 
here to consider together a number of new-formations, which are by others 
included in connective tissue. Some of these new-formations greatly 
resemble in their structure the tissue of the lymph-gland follicles, so that 
their belonging to cytogenic tissue is not to be contested: especially 
tubercle. The other new-formations contain as the most important element, 
cells, which resemble colorless blood- and lymph-corpuscles, while the 
stroma is for the most part common connective tissue poor in vessels 
(lymphoma proper). Still others have on the whole a similar structure, 
but form larger masses resembling malignant tumors (many medullary 
cancers proper). 


1. Tubercle. 


(Tuberculosis and scrofulosis.) 


Bayl e. Reck , mr la phthisie Palm. , 1810.— L.knne c. Traite de Vauscult. med.. 1. 
ed. , t ~TS 26 ; 2. ed., 1827 .—Sciiroder v. d. Kolk, Obs. anat.-palh., etc., 1823; 
Nederl. lancet., July, 1852.—Lombvrd, Essai sur les tubercules, 1827. — Ceruttl 
Coll. quad. de phthisi pidm. , 1839.— Louis . Reck. anal.-path., 1842.—Cless , Arch. f. 
phys. lleilk., 1844, III.— Addison, Transact, of the Prov. Med. and Surg. Assoc., 1845, 

II., p. 287. -Reinhardt, Ann. cl. Perl. Char., 1850, I., p. 362. — Virciiow, War zb. 
Verh.. 1850, I., p. 80; II., p. 24 et 70 ; III., p. 98 ; Wien. Wochenschr., 1856, No. 1 
If. ; Deutsche Kl, 1852, No. 25; Arch., XXXIV., p. 11; Geschwiilste, 1865, II.. p. 
620. — Lebert, Traite des mal. scroph. et tuberc. (Lehrb. d. Scrophel-u. Tuberkelkrkh., 
Uebers. v. Kohler, 1851); Bull, del'acad.. XXXII., p. 119; Virch. Arch., XL., p. 142 
et 532.—Bennett, Path, and Treat, of Palm. Tubercul., 1853. — Sciirant, Nederl. 
Weekbl., 1854.— Kuss, Oaz. med. de Strasb., 1855. —It. Haul, Brit. Rev., 1855 and 



VIII., p. 49; Lunqcnentz., Tuberc. u. Schwinds., 1872, p. 96. — W. Muller, Ueb. 
Struct, u. Entwickl. d. Tub. in d. Nieren.. 1857.— Demme, Virch. Arch., 1861, XXII., 
p. 155. —Forster, Wiirzb. med. ZUchr., 1861, I.,p. 130; III..p. 200. —Rindfleiscii, 
Virch. Arch., 1862, XXIV., p. 571.— Colberg, Obs. de penit. pidm. struct., 1863.— 
IIedinger, Die Eutw. cl. Lehre v. d. Luugenschioindsucht, etc., 1864.— Villexiin, 
Gaz. med. de Par., 1865, No. 50; Gaz. hebcl., 1866, No. 42-49 ; Btud. sur la tuber- 
culose, 1868.- -Emits, De la granulie ou maladie granuleuse, etc., 1865.— Niemeyek- 
Ott, Klin. Vortr. ub. cl. Lungenschw., 1866.— Hoffma nn, Arch. f. klin. Med., 1867, 

III., p. 67.— H int ard e t CniiNiL, La phthisic pulm., 1867.— Colin, Bull, de 
Vacad., Aug., Oct.—Dec. . 1811 7.; Jam —Aug., 1868.— Cohnheim, Virch. Arch., 1867, 
XXXIX.. p. 49.— Langhans, lb., XLII., p. 382.— Cohnheim and FrInkel, lb., 
1868, XLV.. p. 216.— Klebs, lb., XLIV., p. 242.— Sanderson and Simo n, Med. 
Times and Gaz., 1868, p. 431. — Sanderson, Brit. Med. J., 1868, No. 381.—W. Fox, 
lb. , No. 386-388; On the Art if. Prod, of Tubercle in the Lower Anim., 1868.—E. 
Wagner , Arch. cl. Ileilk., 1870, XI., p. 497 ; XII., p. 1.— Sci iuppe l, Unters. ub. 
Jjgnfph-clrusentuberc., 1871. 

The history of tuberculosis reaches much farther back than that of miliary tuber¬ 
cle : Hippocrates describes pulmonary phthisis in a manner worthy of imitation. 
Stark (1785) and Baillie (1794) first described miliary tubercle. Lorain, Robin 
and Empis discovered miliary tubercle a second time ; the latter called it ‘‘ granu¬ 
lie ou maladie granuleuse." Schonlein in the third decade of the present century 
first used the word tuberculosis. 

Tubercle is an infiltrated or nodular, almost always multiple, round or 
irregularly formed, for the most part miliary, non-vascular new-formation 
of varying size, which consists especially of nuclei, small and large, indif¬ 
ferent cells, and giant-cells—all imbedded in a reticular tissue ; it constantly 
passes, after long duration, into so-called cheesy atrophy, often also into 
softening; and appears rarely as a local affection, but most often as a con¬ 
stitutional disease (tuberculosis and scrofulosis). 
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Circumscribed or nodular tubercles are sometimes visible only micro¬ 
scopically (liver, cerebral meninges) ; most often they are just perceptible 
(serous membranes, lymph-glands), sometimes they reach the size of a millet 
seed (so-called miliary tubercle, gray, semi-translucent granulation) ; 
more rarely are they the size of a pea, cherry, egg and larger (so-called 
large tubercle, or conglomerate nodules : almost only in the brain, 
testicles, and on serous membranes). Their shape is most often round or 
rounded, regular or with peripheral serrations; they are rarely fiat, but for 
the most part globular. They may, however, by confluence assume an irregu¬ 
lar form and a considerable size : so-called tubercular infiltration ; 
especially on many mucous membranes (urinary passages, female genitals). 
Their periphery is apparently sharply defined, but without capsule. Their 
number is on the whole dependent upon the size : in considerable volume 
they are usually single or present in small number, while the smallest 
tubercles occur usually in colossal numbers, are uniformly distributed or 
arranged in groups of various sizes. 

The smallest tubercles are in the fresh state as clear as water or grayish- 
white, translucent, semi-solid, elastic, moist; their cut surface does not 
peraiit, on account of its smallness, of a sufficiently critical examination : 
fresh or GRAY tubercle. Large tubercle as well as tubercular infiltra¬ 
tions show peripherically on section almost always a similar, regular or 
irregular, grayish-white, translucent, homogeneous, non-vascular, moist zone 
of varying breadth ; the larger central portion, on the other hand, is almost 
always grayish-yellow or yellow, opaque, dry, inelastic, and of cheesy con¬ 
sistence : so-called yellow tubercle. 

Microscopically, fresh miliary tubercle consists, in proportion to its 
size, of one or many (for the mast part 4-G, more rarely 12) rounded, 
sharply defined nodules or follicles, whose diameter reaches 0.35-0.15 
mm. Each follicle is composed of a reticulum, in the spaces of which are 
cellular elements : hence the name cytogenic or reticular tubercle. 

The reticulum is, in general, like that which occurs at various ages in 
normal reticular connective substance, except that it is usually somewhat 
broader: it consists sometimes of distinct or indistinct, many-branched 
nucleated cells, sometimes of a smaller or broader, fibrous substance with 
elongated nuclei. In the periphery there is sometimes found a lighter 
space, similar to the so-called enveloping space of the lymph-gland follicles 
with fine elastic fibres. The periphery more often shows broader, denser, 
nucleated fibres, the course of which is nearly circular, and which form a 
kind of girdle around the whole tubercle. The reticulum is without 
bloodvessels, and probably without lymphatics. In the youngest tubercles 
it is very scanty and very soft. 

The cellular elements of tubercle are free nuclei and small round 
cells, which are not infrequently also somewhat larger, and sometimes 
angular. The nuclei are for the most part round, rarely oval, with a 
diameter of 0.005-0.003, even 0.001 mm.; they are clear, vesicular, with 
or without nucleoli. The cells are most often similar to the ^colorless 
blood-corpuscles, for the most part smaller, with 1-2 nuclei; they occur 
with the nuclei or as the only elements. (According to many, tubercle con¬ 
sists only of cells, but which are so frail, that during the investigation most 
are destroyed, leaving the nuclei.) There are also constantly seen, mostly 
in the centre, rarely in the periphery of the follicle, one or many so-called 
polynuclear giant-cells. These vary in size, to that oFD.Ol min., are 
rounded or elongated, dark granular, and many-bran died, with for the most 
part very numerous (to 20, 50, 100 and more), rounded or oval, compara- 
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tively large nuclei. (See p. 359.) Cells are likewise constantly found, 

which are intermediate between the small common and the smallest giant 

cells : they are epithelial-like, rounded, finely granular, with one large or 

manv smaller nuclei. 

*/ 

Tubercle always occupies the place of the normal tissue, which has 
usually to a great degree wasted away, or, as more rarely happens, is only 
pushed to one side. The limiting tissue is besides sometimes in various 
ways changed, sometimes not. 


The histology, just given, of tubercle of the most different organs is by the author. 
Schuppel determined it in a special manner, with respect to the lym|>h-glands, 
and indeed with respect to tuberculosis as well as scrofulosis of these. Similar views 
with respect to the structure of tubercle are held by Virciiow, Buhl and Koster 
( Virch. Arch ., XLYIII., p. 95), and with respect to inoculation of tubercle by W. Fox 
and Sanderson. That giant-cells form an almost constant element of tubercle of 
most organs, has been shown especially by Langiians. 

Fibrous tubercle, according to many, is a peculiar form of tubercle, 
according to others, only a metamorphosis of it. 

Virchow, to distinguish fibrous from common cellular tubercles, designates as the 
former those which, except in the centre, consist of abundant connective tissue : 
they occur especially in solid, fibrous parts, and in new-formed connective tissue 
masses; they are characterized by their hardness, greater translucence, pearly, light 
gray appearance. Langiians found the common cellular tubercle chiefly in serous 
membranes, pia mater, etc., fibrous tubercle more in the lungs, liver, spleen, kidneys, 
etc. According to L. fibrous tubercle is not destroyed directly, but there is formed 
within the cellular zone a connective tissue relatively poor in cells, which first is 
destroyed by degeneration. It is consequently a more highly developed form of cel¬ 
lular tubercle. According to Schuppel. fibrous is a metamorphosis of common 
tubercle: at least in the lymph-glands the peripheral trabecuke of the reticulum and 
the adjacent trabecula? of the glandular reticulum are metamorphosed into homo¬ 
geneous or indistinctly striated connective tissue. The centre of the tubercle at the 
same time undergoes cheesy transformation. 

Microscopical examination of the older, so-called yellow, as well as of 
the centre of most fresh tubercles shows constant simple atrophy, or 
necrosis of the nuclei and cells above mentioned, and also of the reticu¬ 
lum, often also fatty metamorphosis of less degree. Through the former 
atrophy, first the nuclei and round cells, latest the giant-cells are metamor¬ 
phosed into irregularly formed, for the most part smaller, flat, homogene¬ 
ous or furrowed, dull, very soft corpuscles (so-called tubercular corpuscles), 
and finally into a finely granular detritus. These atrophic elements, some 
cells which have suffered partial fatty degeneration, simple and fatty 
detritus, form the only elements of yellow tubercle. Sometimes the sur¬ 
rounding compressed tissues undergo the same change. In many cases the 
denser peripheral zone becomes hypertrophic : its fibres thicken, the inter¬ 
vening cells and nuclei become indistinct; the whole finally resembles com¬ 
mon cicatricial tissue. Atrophy of tubercle is the consequence of its 
insufficient nutrition through the vessels around it. At what age of the 
tubercle this change appears, has not been determined; for the most part 
a few weeks appear to suffice to call it forth, at least in the centre of the 
tubercle, while at other times months ai'e necessary. 

Simple atrophy of tubercle-elements occurs so often, even in the centre of appar¬ 
ently fresh tubercles, that the so-called tubercle-corpuscles of Lebert and 
the yellow and cheesy character of the tubercle proceeding from that atrophy, were 
a long time regarded as their most essential property. But since the structure of 
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tubercle has been learned more accurately, and the same metamorphosis has been 
found in cell-accumulations of every kind, it is no longer characteristic. But the 
name tuberculization has been retained. (See p. 297.) 

Fresh miliary tubercle only is characteristic, macroscopically as well as 
microscopically. If simple atrophy of the whole tubercle has already appeared, a 
distinction between it and many inflammatory affections connected with suppuration, 
and many syphilitic, sarcomatous, and carcinomatous new-formations—if in these a 
like extensive atrophy is present—is more difficult, but for the most part still possi¬ 
ble. This is true especially of the larger so-called tuberculous infiltrations of the 
mucous membranes, of the older tubercles of lymph-glands and of the large tuber¬ 
cular nodules of the brain. In the lungs the appearance of the older miliary tuber¬ 
cles with grayish-white periphery and yellow centre is formed sometimes by trans¬ 
verse section of the small bronchi, the lumina of which are filled with cheesy pus, and 
the walls of which are thickened. 

Oornification is that condition of miliary tubercle which is effected by 
simple atrophy of the nuclei alone (without simultaneous fatty metamor¬ 
phosis) : the tubercle is transformed into a hard, horny mass. 

The further changes of tubercle, after a longer duration of simple 
atrophy and fatty metamorphosis, are the following: 

Resorption, which is accomplished by simple, but especially by fatty 
atrophy, occurs most rarely ; it is complete only in the smallest tubercles, 
in the larger it is followed for the most part only by their diminution. 

Calcification, more rarely alone, for the most simultaneously with 
cheesy atrophy, affects large and small tubercles : if it occurs alone, the 
tubercles are transformed into stony masses; if fatty metamorphosis is 
present at the same time, there arises a grayish-yellow greasy soft mass, 
with here and there greater consistence. In rare cases the chalky masses 
are laminated. 

Softening or liquefaction, the most important and most frequent change, 
occurs through unknown chemical metamorphoses, rarely in the smallest, 
more often in the large yellow tubercles. Upon this, with cheesy meta¬ 
morphosis at the same time, depends, according as it affects mucous 
membranes or parenchymata, the tuberculous ulcer, or tuberculous 
cavities (tuberculous abscess). Both rarely occur pure, not complicated 
with suppuration ; more often the latter follows, especially after throwing 
off of all tuberculous matter. The ulcer occurs especially on the mucous 
membrane of the intestinal canal and air-passages, more rarely on that of 
the urinary and sexual organs, and bile-ducts, on serous and synovial mem¬ 
branes : cavities in the lungs, lymph-glands, in the brain, testicles, pros¬ 
tate, supra-renal capsules, etc. 

Tuberculous ulcer is in the beginning small, round, crater-like, infiltrated in its 
base and walls by tuberculous matter: so-called primary ULCER. In its further 
course it grows either circularly and unites with neighboring ulcers; or especially in 
one direction, e.g., in the intestines tranversely to the direction of the villi: so-called 
secondary ulcer. At other times, from the beginning in an extensive tubercu¬ 
lous infiltration, and with its softening and destruction there is formed a large 
tuberculous ulcer, the base and walls of which still contain abundant yellow tuber¬ 
cular masses (vermiform process, uterus, urinary passages). The small as well as 
large ulcers may progress from the mucous membrane into the sub-mucous tissue, 
and from there into the muscular and serous coats. 

Tuberculous cavities are represented by for the most part rounded cavities, 
of varying size, which are filled by a thin purulent, or cheesy purulent liquid, often 
at the same time with yellowish crumbling masses, and are infiltrated to a varying 
thickness with tuberculous matter. They may penetrate into surrounding cavities 
(pleura) or to the external surface of the body (tuberculous fistula of the epididymis). 
The so-called tuberculous cavities of the lungs have their origin, to a small extent, 
in tuberculosis of the small bronchi and of the surrounding pulmonary vesicles; to a 
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larger extent, they are sacculated bronchiectases, the inner surface of which is gener¬ 
ally, or at points ulcerated or tuberculous. 

Healing of tuberculous ulcers and cavities occurs extremely rarely. It 
occurs through evacuation of the softened tubercle and a secondary new-formation 
of connective tissue, and is followed for the most part by contraction of the affected 
mucous membrane. ENCAPSULING of tubercle consists in the formation of a 
connective tissue envelope around the tubercle ; the latter therein always undergoes 
cheesy degeneration ; it is not infrequently calcified. 

The origin of tubercle is in connective tissue of different kinds: 
especially that of the so-called lymph-sheaths of small arteries, lymphatics, 
perhaps also of small veins; also the tissue of serous membranes. In 
all these parts tubercle'probably proceeds from a growth of the common 
so-called fixed connective-tissue corpuscles and the endothelium identical 
therewith. Whether tubercle can arise also from the endothelial layer of 
serous membranes, blood- and lymph-vessels, is still doubtful. The more 
intimate microscopic relations of the origin of tubercle are not yet 
accurately known. (Tubercle, in spite of its cytogenic structure, proceeds 
not from the cytogenic tissue of organs which contain it, e.c/., intestinal 
mucous membrane.) 

The origin of tubercle has been pursued especially in the fresh miliary 
tubercles of serous membranes and of the pia mater of the brain, in the 
liver and kidneys. Here tubercle is developed by repeated division of 
the connective tissue corpuscles or by endogenous formation; the connec¬ 
tive-tissue basis substance, epithelial and gland-cells, and capillai-ies are 
more or less — the latter perfectly — destroyed by the immense nuclear 
formation. In other tissues, also the lungs, as well as in connective tissue, 
tubercle arises partly by manifold division of the nuclei of the capillari -s, 
partly by simple division of the nuclei of the adventitia of the larger and 
smaller vessels, of the sarcolemma, so-called structureless sacs. The reti- 
culum of tubercle is partly the original lost connective tissue, only pressed 
apart, and of the higher elements (gland-cells, vessels, etc.), which perhaps 
have also become somewhat hypertrophic ; it is partly new-formed. (Con¬ 
sult the following numerous, but still very differing statements.) 


Heschl first demonstrated the formation of tubercle in the lungs, in the wall of 
the capillaries ; as well as of other vessels of every size. According to Virchow 
and BunL, fresh miliary tubercle is seen in the peritoneum and pia mater along the 
finer arteries as vesicular swellings, filled with nuclei, of their adventitia. The same 
was found by Rokitansky, Wedl, Demme. Colberg, Forster and others. 
According to Deichler (Beitr. z. llixtol. den Lungengewebes. 1861) the vessel-walls 
in the lungs are loosened as far as the intima by new-formed cells, and with the accu¬ 
mulation of cells, separate farther and farther, until finally they are entirely lost in 
the larger nodules and the vessels are bounded only by the very thin intima. In the 
pia mater and brain the tubercles, according to RlNDFLEISCll, appear like lateral 
projections, single or united into small groups on the larger branches, while on the 
finer branches and the almost capillary vessels the} 7 form spindle-shaped varicosities, 
which wholly surrounded the vessels. According to Klebs ( Virch. Arch., XL1V., 
p. 256), a larger part of the yellow and gray knots, which are met with on the base of 
tuberculous ulcers, are situated in the lumen of the lymph-vessels. Rows of nodules 
in the course of the lymphatics, often as far as the nearest glands, are seen in tuber¬ 
culous ulcers of the intestin'es ( Li/mphangoitis tuberculosa). Similar statements 
are made by Rindfleiscii and K UNDR AT. Aufreciit (Med. Gtrlbl. , 1868, No. 28) 
regards miliary tuberculosis of the peritoneum as a granular peri-lymphango'itis. 
According to Bast I an {Edinb. Med. J ., 1867, XII., p. 815), miliary tubercles of the 
brain arise from the endothelium of the lymph-sheaths, in which the cerebral vessels 
lie. According to Sanderson, miliary granulations on the diaphragm are situated 
in the course of the veins, not of the lymphatic vessels. According to Aiimauer- 
Hansen ( Beitr. z. Anat. d. Lymphdr., 1871), tubercles of the serous tunic of the 
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intestines and of the mesentery are situated on the exterior of the lymphatic vessels 
(in opposition to Langiians and Klebs). Also in the intestinal tube they are situated 
in the follicles or iu the sub-serous tunic outside of the sinus and vessels. The myelo- 
plaxes arise from lymph-cells, not from the endothelium of the lymphatic vessels. 
In the bronchial glands they are not infrequently pigmented. According to Buhl 
(Lungenentz , etc., p. 10(5) the alveolar epithelium of the lungs is itself the seat of 
tubercular new-formation ; it extends from the interior wall of the alveoli into the 
textureless lymphatic vessels. See also Ranvter (Nouv. diet., etc.) 

Tubercles of the choroid arise, according to Coiinheim, from the contractile 
wandering cells of this membrane. Billroth’s latest view of tubercle-cells 
generally is similar to this. According to Schuppel (Arch. d. Heilk., 1868, IX., p. 
524), numerous tubercles of the liver are formed in an embolic manner on the 
interior of the bloodvessels, with participation of the connective-tissue bodies and 
capillary nuclei, only by metamorphosis and growth of the colorless blood-corpuscles 
within the bloodvessels themselves. The mother-cells with manifold nuclei dis¬ 
tend the capillaries, leading to atrophy of the liver-cells, and then represent the tuber¬ 
cular nodules. 

According to Schuppel (1. c., 1871), tubercle of the lymph-glands arises in the 
proper gland-substance (follicles, etc.), not in the septa. The development of tuber¬ 
cle begins, according to Sen., with the appearance of a giant-cell. The latter is 
often formed, probably for the most part within the bloodvessels, at other times 
perhaps within the lymphatic vessels.—See also Schuppel, Arch. d. Ileilk., 1872, 
XIII., p. 69. 

In the intestinal canal, my own investigations show that tubercle is developed 
altogether independently of the solitary follicles and the follicles of Peyer’s patches. 

According to Buiil (. Lungenentz , etc., p. 101), the reticulum proper of tubercle 
has its origin in a mass analogous to connective substance, which is secreted by the 
giant- and epithelial cells at the periphery, and which afterward hardens ; only the 
border zone becomes a fibrous organic connective tissue. 

The origin of tubercle from epithelial and gland-cells only, as in the 
liver, kidneys and testicles, has not been demonstrated. Those cells, as 
well as the epithelium of the lungs and the cells of the lymph-glands, grow, 
however, sometimes increase in number, or pus-corpuscles are found in 
their place : both kinds of cells often become cheesy with the tubercle-cells 
themselves (lymph-glands, kidneys, testicles, lungs). 

The growth of tubercle results, to a small extent, from division of 
new-formed nuclei. In the vicinity of the largest portion, for the most 
part with moderate (active or passive) hypersemia there is the same new- 
formation of nuclei from the normal tissue, with consecutive destruction of 
the latter, as in the first origin of it. By the progressive growth of many 
small tubercles in this manner, these become confluent and result in the 
formation of many knots varying in size to that of a walnut and larger, as 
well as in so called infiltrated tuberculous tumors of many mucous mem¬ 
branes (of the urinary passages, Fallopian tubes, etc.) 

The further extension of tubercle is sometimes along the connec¬ 
tive tissue, in which it first had its origin ; sometimes in the course of the 
lymphatic vessels (this is shown especially in the passage of tubercle from 
mucous membranes or parenchymata to the corresponding serous mem¬ 
brane) ; sometimes finally in that of the bloodvessels (regular occurrence of 
hepatic tubercles in tuberculosis of the intestines). 

Tissues surrounding tubercles are for the most part compressed, and 
afford especially in older tubercles a series of changes, which sometimes 
afford only an apparent enlargement of the tubercle, sometimes they truly 
represent other processes. These changes may hereby become of almost 
equal clinical importance with the tubercles themselves. They are depen¬ 
dent upon the quick formation of the tubercle, upon the obliteration of the 
vessels, upon the continuance of the cell-growth on the sheath of the sur- 
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rounding bloodvessels, upon the frequently accompanying collateral liyper- 
femia, and hypertrophy of the surrounding tissues, and upon the retrograde 
metamorphoses of the tubercle. Especially worthy of note are : 

New-formation of vascular connective tissue, especially in chronic tuber¬ 
cle-formation : it is followed by thickening and the formation of pseudo¬ 
membranes or serous membranes, thickening of the interstitial-connective 
tissue of the lungs, intestines, glands, etc.; 

Formation of serous, sero-purulent, muco-purulent and purely purulent, 
more rarely of croupous and diphtheritic exudations with or without dis¬ 
tinct hypersemia: on serous membranes, mucous membranes, etc. In the 
lung-tissue, the tissues inclosed by tubercle, as well as those surrounding 
them, especially the alveoli, often the finest extremities of the bronchi, are 
found filled with epithelial cells, which often show fatty metamorphosis, as 
well as with abundant pus-corpuscles and often with molecular fibrin. A 
similar disposition is found in the lymph-glands. Simultaneously with 
simple atrophy of tubercle-elements, pus-corpuscles also undergo the same 
atrophy as well as fatty metamorphosis. Thereby there are formed most 
larger yellow tubercles and, by their destruction, cavities; destruction of 
bloodvessels with consecutive pigment-formation, destruction of lymphatic 
vessels etc. The former depends upon the enormous new-forination of 
nuclei around the capillaries, as well as upon the increase of nuclei, which 
takes place in the wall of the vessel itself. 

In tuberculous destruction as well as in numerous tuberculous cavities of the lungs 
there are early formed anastomoses between the region of the pulmonary artery and 
that of the bronchial artery, after attachment of the pleura also with the intercostal, 
mammary and phrenic arteries. Thereby is an excessive congestion of blood in the 
air-breathing portions of the lungs prevented (Schroder V. D. Kolk, Guillot). 

Tuberculous inflammations, so-called, of organs arise through combi¬ 
nation of tuberculosis with inflammation. Inflammation in such cases 
is characterized by new-formation of vascular connective tissue, which is 
met with either in the stage of gi-anulation-tissue rich in cells, or which is 
poor in cells and of older date. There lie imbedded therein tubercles of 
microscopic size, which reaches that of a pea and larger ; in the former 
case they are fresh and gray, in the latter case older and yellow. Tuber¬ 
culous inflammations are purest, and most easily recognizable in serous 
membranes, also in the joints (many forms of so-called tumor albus ). They 
are less pure on many mucous membranes (most so-called primary tubercu¬ 
lous formations of the calices and pelvis of the kidneys, of the uterus with 
the Fallopian tubes, perhaps also many of the larynx, trachea and bronchi). 
They are least pure in parenchymata, most often in the testicles and 
lymph-glands, according to many, also as the cheesy tuberculous knots in 
the brain, spleen, bones. The clinical form is sometimes more that of sub¬ 
acute or chronic inflammation (serous and many mucous membranes), 
sometimes more that of tuberculosis (testicles, lymph-glands, brain), some¬ 
times it is mixed. Hence it follows, that in many of the localities named 
the boundary line between tuberculous inflammation and chronic tubercu¬ 
lar knots and tubercular infiltration cannot be drawn. 

Buhl (1. c., p. 132) has more recently brought prominently forward the peculiari¬ 
ties of tuberculous inflammations. According to B. (1. c.. p. 08) the so-called cheesy 
or tnberculizing pneumonia proceeds neither from catarrhal nor from croupous, but 
from the pneumonia described by him as parenchymatous or desquamative. This is 
characterized by new-formation of nuclei and cells in the inter-alveolar tissue, in the 
adventitia of vessels and in the external layer of the small bronchi and bronchioles 
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on the one hand, by desquamated and increased pulmonary epithelium on the other 
hand : both elements undergo cheesy metamorphosis. Cheesy knots of the brain or 
tuberculous encephalitis arise, according to B., through increase of the endo-and 
perithelia] cells of the arterial vascular sheaths, embryonic new-formation of con¬ 
nective tissue and softening of the interjacent brain-tissue, with consecutive capillary 
anaunia and necrosis. 

Tubercles occur at every age, most often in the young, in both sexes and- 1 
under every condition. They have not yet with certainty been observed 
in the foetus. 


The young born of animals inoculated with tubercle, as well as the embryos of 
such, have never, even during miliary tuberculosis of the mother, shown tubercle. 


With respect to its seat in individual organs, tubercle shows a varying 
frequency according to the age of the sick person. In children it occurs 
most often in lymph glands (external, bronchial, and mesenteric glands), 
lungs, brain, spleen, liver, intestinal mucous membrane, serous membranes 
and bones. In adults it is found as a primary affection by far the most 
often in the lungs ; more rarely in the lvmph-glands, urinary organs, geni¬ 
tals, intestinal canal. Secondarily, it occurs in almost all organs : chiefly v 
in the lymph-glands, corresponding to the seat of the primary tubercle ; on 
the intestinal mucous membrane, respiratory mucous membrane, in the 
liver, spleen, kidneys and supra-renal capsules, the pia mater of the brain, 
choroid, bone-marrow, etc., in primary pulmonary tuberculosis. Tubercle 
has never been seen in cartilage, in the external muscles, and in the great 
vessels; very rarely in the pharynx, tonsils, oesophagus, vagina, ovaries, 
heart and tongue, salivary glands, thyroid glands, skin. Primary tubercle 
of the gastric mucous membrane, of the .respiratory mucous membrane, 
li ver, spleen, etc., likewise never occurs or is extraordinarily rare. Not in¬ 
frequently tubercle is finally developed in many new-formations, especially 
in pseudo-membranes of serous membranes. Sometimes there occurs an 
acute or sub-acute tuberculosis (and usually at the same time inflammation 
with sero-fibrinous exudation) of one, rarely of many serous or synovial 
membranes; most often in the pericardium, more rarely in the pleura, and 
joints, especially the knee-joints. (See Tuberculous Inflammation.) 

The smallest miliary tubercles are not visible to the naked eye ; especially on this 
account have the not infrequently occurring tubercles of the liver, spleen and lymph- 
glands so long been overlooked. The frequency of the former has for a long time 0 
been shown by the author, that of the latter by Sciiuppel. According to S. not only 
the long-known so-called scrofulous gland-tumors belong here, but also the chro¬ 
nic so-called lymph-gland hypertrophies or lymph-gland sarcomata, which are not 
rare especially on the neck of young persons: the latter are hypertrophies with 
miliary tubercles. 

In some organs tubercles are found distributed at various points in varying num¬ 
ber, sometimes quite uniformly over the whole organ. The favorite seat in the 
lungs is the upper lobes; in the pia mater, the region between the chiasma and the 
medulla oblongata; in the intestinal canal, the ileum and ccecum ; on the respiratory 
mucous membrane, the posterior and superior surface of the larynx and the small 
bronchi ; in the bones the spongy tissue; in the male genitals, the corpus TIighmori, 
the head of the epididymis aud the gland-lobules of the testicles; in the female, the 
body of the uterus and the Fallopian tubes ; in the kidneys, sometimes the cortical 
portion, sometimes the pyramids, calices and pelvis, etc. 

Tubercles of the choroid, first discovered by Manz, and more accurately described 
by CoriNiiErM, have recently, by means of the ophthalmoscope, been made use of 
for the more accurate diagnosis of general acute miliary tuberculosis. They are 
found especially in the posterior section of the eye, in the vicinity of the optic 
nerve and macula lutea ; they are regularly rounded, but of very varying size ; the 
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larger are distinctly prominent. (Giuefe and Leber, Arch. f. Ophthalmol ., 1868, 
XIV., 1. Abth., p. 18:1.) 

Lazarus ( Bcrl. Diss 1872) describes six cases of disseminate miliary tubercu¬ 
losis in bone-marrow, in each case with intense tuberculosis of the spleen and lymph- 
glands. 

Biesiadecki ( Wien. med. Bitzgsber. , 1868, LVII., p. 788) has four times found 
tubercle in the larger blood-coagula of serous membranes. Iu each case the adjacent 
serous membrane was densely occupied with fresh tubercles ; the extravasated blood 
always came from the vessels of young pseudo-membranes (Arch. d. Ileilk., XI., p. 
497.) 

The origin of secondary tubercle is explained sometimes by the 
manner of spreading by the lymph- and bloodvessels, sometimes it is unex¬ 
plained. Especially is tiiis true of the so frequent tuberculosis of the 
mucous membrane of the great air-passages and intestinal canal: in these 
cases there follows perhaps a direct taking tip by the epithelium of the 
mucous membrane. Certainly many so-called tuberculous intestinal ulcers 
are of a catarrhal or lardaceous nature. 

Tubercular disease is acute, subacute, or chronic. In all these cases 
the tuberculosis is either truly primary, or, according to the more recent 
views, it follows a chronic so-called cheesy inflammation of the same 
or of another organ. In acute tuberculosis, within a few days or weeks, 
numberless, for the most part extremely small tubercles (hence acute 
miliary tuberculosis) are new-formed, in one or many organs, especially in 
the lungs, serous membranes, pia mater of the brain, liver, spleen ami kid¬ 
neys. In subacute and chronic tuberculosis the first new-formations are 
formed insensibly, especially in some organs. After weeks, months, years, 
new tubercles appear in the same or in other organs, until finally through 
succeeding disease, or through acute tubercle-formation death results. 

The influence of tubercle on the affected organ consists in the destruc¬ 
tion of the tissues at the place of the tubercle, which, especially with respect of 
size, number, and seat of each, is important, as well in compression or filling 
out of former hollow-spaces (especially in glandular organs and the lungs); 
in the collateral liyperaemia in the vicinity of the tubercle (hereby arise 
in the brain softening, in the lungs inflammation of the lung-tissue itself, 
of the bronchi, in the intestine catarrh, etc.); in the liyperaemia and inflam¬ 
mation of the surrounding parts, of the adjacent serous and vascular mem¬ 
branes, etc., accompanying tubercle-formation; in the processes dependent 
upon tubercular metamorphosis: narrowing of cavities, e.g., of the intes¬ 
tine; formation of so-called ulcei’s and cavities; perforation of membranes, 
especially serous and mucous membranes, of vessels in softening of tuber¬ 
cle (thus arise inflammations of serous membranes, haemorrhages). 

The influence of tubercle on the whole organism depends: upon 
the above-mentioned organic disturbances (disturbed respiration, etc.) : 
upon the fever often accompanying the development of primary or second¬ 
ary tubercle ; upon the diseases consequent to tuberculosis (besides those 
above-mentioned easily explained, especially : thrombosis of veins, lardace¬ 
ous degeneration of the abdominal organs, fatty heart, renal diseases, etc.). 

The causes of tubercle-formation and of tuberculosis are rarely 
of a local, but for the most part of a general nature, and in both cases 
predisposiug and exciting. 

Certain local conditions give rise to tuberculosis, especially at first of 
the respiratory organs, in those perfectly healthy and in no manner dis¬ 
posed to it. In many trades they produce, through inhaled injurious sub¬ 
stances, bronchitis, pneumonia or tuberculosis. Or the respiratory organs 
are injuriously affected in various ways by excessive, or unilateral, or too 
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little exercise of them. Foreign substances in the respiratory organs, 
especially strong mechanical irritants, are direct causes of tuberculosis, 
while particles coming through the alveoli into the connective tissue from 
the beginning lead to an increase of nuclei, etc., which become transformed 
into miliary tubercle. But the secondary effect of these substances on the 
origin of tuberculosis is certain : either when they cause inflammations and 
suppurations, which finally become cheesy and are later resorbed; or when 
they enter the blood or lymphatic vessels and again passing out of their 
wall are the conditions of like growths. 

In an altogether similar manner perhaps those substances act, which have 
their origin in the body itself, but in various ways reach the air-passages 
and the alveoli of the lungs : e.g., catarrhal and other secretions in chronic 
affections of the nose and pharynx (especially syphilis), in chronic affec¬ 
tions of the larynx, perhaps blood in haemorrhages in the air-passages with 
aspiration of the blood. 

According to Hurt (1. c.) 80 per ct. of those workmen who incur diseases through 
inhalation of dust, suffer from phthisis: especially file-cutters, goldsmiths, workers 
in bronze, stone-cutters, polishers of steel and brass, grinders of glass, porcelain, etc. 

The general causes of tuberculosis are partly those which have been 
acquired by inheritance, partly those which are due to unfavorable exter¬ 
nal circumstances. Hereditary disposition to tuberculosis shows either 
no striking characteristics of construction of the thorax, etc.; or there is 
found a weak organism, wasted muscles, a narrow thorax, increased irrita¬ 
bility of the nerves, and above all a feeble resistance of the organism. In 
both cases slight exciting causes of all kinds induce with comparative ease 
tuberculizing inflammations, or directly tubercles themselves. In a second 
rank, stand insufficient nourishment, insufficient dwellings, etc., in the 
broadest sense. 

Of the general causes, with reference to heredity, the influence of parentage on 
the origin of tuberculosis of children is without a doubt often to be determined. 
Tuberculosis affects children, if both parents or only one of them, especially the 
mother, are tuberculous. More rarely it affects hereditarily the second generation, 
while the first remains free from it. Likewise bad nourishment is certainly a fre¬ 
quent cause of tuberculosis. This we see in the unsuitable nourishment especially of 
small children, also in prisoners, the inmates of orphan asylums, etc. ; in preceding 
exhausting states, in chronic and acute diseases (long quiet, venereal excesses, grief 
—large watery evacuations, round gastric ulcer, diabetes insipidus and especially 
mellitus, constitutional syphilis, cancer of the oesophagus; typhoid fever, acute ex¬ 
anthemata) ; in insane persons, who refuse food. Bircii-Hirsciifeld {Arch. cl. 
Heilk.. 1871, p. 501) describes two cases in which extended miliary tuberculosis was 
developed immediately after typhoid fever. Traube’s experiments teach that rabbits 
which have lived a long time without a supply of water, show always exquisite 
cheesy inflammations of the lungs. 

Tuberculosis is rarely found in those affected by hump-back, emphysema, or dis¬ 
eases of the heart. Lebert [Berl. /din. Wchschr. , 1857, No. 22 ff.) gives promi¬ 
nence to the influence of stenosis of the conus arteriosus, of the pulmonary orifice, 
and of the pulmonary artery, upon the origin of tuberculosis. 

The most northern points of the earth have a certain immunity from consumption, 
while the tropics show the most considerable prevalence and greatest rapidity in its 
course (Hirscii, Ilixt.-geogr. Path ., II., p. 2, etc.). An elevation 2,000 feet above the 
sea may be regarded as the limit of the occurrence of consumption. On the islands 
of the Baltic and North Seas (Iceland, the southern shores of Wight) tuberculosis is 
very rare, while those of the hot zones afford no immunity. Tuberculosis is rare in 
malarial regions. 

Consumption stands in direct ratio to the density of the population : hence its 
frequency in cities and certain quarters of cities, in closed spaces preventing a 
change of air (small dwellings, work-rooms, barracks). 
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The exciting causes of tuberculosis are known almost only with 
respect to pulmonary tuberculosis. They consist in frequently repeated 
irritations and inflammations of the respiratory organs ; in rude changes of 
temperature (cold) ; in increased moisture of the air (the places free from 
consumption are remarkably dry) ; in a continued residence upon clayey 
ground and low regions, also in great moisture of the soil (on porous ground 
and in elevated regions tuberculosis is rare). 

According to the older and more recent views, miliary tubei’culosis is a 
SPECIFIC resorption- and infectious disease. This is confirmed by the 
following propositions : 

The basis for the development of miliary tuberculosis is a cheesy focus. 
Elements taken up out of such into the blood and lymphatic vessels give 
rise to the multiple development of tubercles (self-infection). In by far 
the greater number of cases one or many cheesy foci are found in the 
body. The cheesy focus, which leads to miliary tuberculosis, owes its origin 
to former inflammatory states. Cheesy foci are most frequent in connective 
tissue, in previously inflammatorily irritated (so-called scrofulous) exter¬ 
nal and internal lymph-glands, in bones (especially the bodies of the verte¬ 
brae and extremities of joints), in the testicles, in the mucous membrane of 
the uterus, Fallopian tubes, intestines, in the brain, clieesy-purulent exuda¬ 
tions of serous membranes, cheesy pneumonia, etc. The infectious material 
of cheesy foci, upon which tuberculosis follows, contains something speci¬ 
fic. The cheesy focus may be incompletely encapsuled, not bounded on 
all sides by solid fibroid tissue. The encapsuling is not an absolute, but 
a considerable obstacle to resorption. The infection of neighboring tissues 
is an important proof of the origin of miliary tubercle by resorption. It 
takes place probably through the lymphatic vessels or plasmatic canals. 
This infection of neighboring tissues consists in this, that tubercles in the 
largest accumulations always appear in the immediate vicinity of the in¬ 
fecting focus, and spread thence by intervals in excentric lines. Proofs 
are most frequently afforded by miliary tubercle about old intestinal ulcers, 
more rarely those in the vicinity of cheesy carious vertebrae, cheesy bron¬ 
chial glands, etc. While in certain cases only this infection arises, in 
others there appears a general infection. The latter consists in this, that 
similarly large and fresh miliary tubercles are found in many or almost all 
organs and tissues at the same time. This general infection is most fre¬ 
quent under 24 years^of age, i.e., during the growth of the body, during 
more active lymph- and blood-formation. In three-fifths of the cases, 
where a cheesy focus has not been found, the patients affected were old. A 
further proof is the seat of the tubercle in lymphatic-bearing connective 
tissue of organs, the analogies of their structure with that of the normal 
lymphoid organs of the body, even in the physiological condition which 
calls it into life. Tuberculosis has as an infectious disease its analogies in 
miliary carcinosis. It is probably transmissible from one human individual 
to another, like glanders, syphilis. It as a rule is not found together with 
other infectious diseases (cancer, typhoid fever, pyaimia). 

The former was shown by Rokitansky, the latter by Billroth and Menzel 
(Arch. f. kiln. Ghir ., XII., p. 3155) empirically, or statistically. 

The most striking proof that tuberculosis in a disease of resorption, is the result 
of inoculation, the transmissibility of tuberculosis to animals. 

Laennec first distinguished primary and secondary tuberculosis: the latter 
appears only after softening of the former, and in consequence of peculiar chemical 
changes. Dittiuch (Mauthts. Die Combinatioiisverh ., etc., 1853) held the origin 
of tuberculosis to be through taking up of detritus of retrogressively metamorphosed 
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normal or pathological tissues. Buhl regards miliary tuberculosis as a specific 
disease of resorption or infection. The above statements are from Buiil’s most 
recent work (p. 111). The virulent matter, according to Buhl, passes over with 
the semen to ovum and so become hereditable. From the analogy of infectious 
matters, only a minimum of tubercular matter is necessary to generate the 
specific disease, and in every retrograde formation of tissues and exudations 
there is a stage in which the signs characterizing yellow tubercle are present. 
For when, at the time of the autopsy, an old focus has not been found 
with acute miliary tuberculosis, the former may have disappeared by resorp¬ 
tion. Hoffmann saw cheesy inflammations leading to tuberculosis not only in the 
lungs, but also in other organs, especially in the urinary and sexual organs: also he 
lays the chief weight on the accumulation of cheesy masses of detritus in the body 
as an aetiological factor of miliary tuberculosis. Also in experiments by inocula¬ 
tion, the local inoculated focus was more often found to have disappeared, although 
the internal organs showed acute tuberculosis. Numerous records of autopsies have 
more recently been published, which show the origin of miliary tuberculosis from 
cheesy foci. Buhl, in two groups of 84 and 800 cases, could not find a cheesy focus 
in 8.2 p. ct. of the former, nor in 10 p. ct. of the latter. H. Weber ( Transact. of the 
Path. Soc. of London, 1800-70) found cheesy foci in sixteen cases of tuberculosis of 
the meninges or serous membranes. But in many of these publications, not infre¬ 
quently has the cheesy focus been at once assumed to be an old inflammation-focus. 
And indeed in the lungs, from my own experience, in the lymph-glands according to 
Schupfel’s investigations, there may often be shown a cytogenic or tuberculous 
structure, where, in accordance with the views especially of Reinhardt, and again 
prevailing but a short time since, a simple cheesy pus-focus should have pre-existed. 

Rindfleiscii ( Nierrhein . Oes. f Nat.- u. Ileilh., Nov., 1872) regards the cheesy 
products as specific, miliary tubercle as a secondary product of cheesy transformation. 
The first, according to him, is the specific tuberculous inflammation. This forms 
more or less circumscribed infiltrations of the connective tissue. The infiltration 
consists of cells, which are distinguished from pus-corpuscles by their abundant, 
finely-granular protoplasm, and which do not, like pus-corpuscles, come from the 
bloodvessels, but from the fixed cells of the connective substance and endothelium, 
perhaps also from smooth muscular fibres, and the epithelium of the lungs and kid¬ 
neys. The nucleus of these cells, with the immediately adjacent protoplasm, secretes 
something peculiar, and swells into a tubercle-cell, while the remainder of the cell 
disappears. Upon this primary affection, with the character of phthisis or ulceration, 
there follow the secondary affection, which consists in an infection of the neighbor¬ 
hood and corresponding lymph-glands, and the tertiary affection, which is the 
expression of an infection of the whole organism (miliary tubercles of most different 
organs). 

Besides cheesy inflammation, blood-effusions also, with retention of the blood and 
consecutive drying and cheesy transformation, have been looked upon as causes of 
secondary tuberculosis. Neither experiment (seep. 221) nor pathologico-anatomical 
and clinical investigations have furnished certain proofs of this. 

After inoculation, miliary tubercles have been found in various organs, 
and indeed after inoculation of true tubercular substance as well as of tuber- 
culized inflammations, of diseased and healthy tissues of all kinds, of sub¬ 
stances not animal (e.g., paper). About the substance introduced into the 
abdominal or thoracic cavity or under the skin, there appears an unencap- 
suled focus, filled with mucous pus. The taking-up of this by the lymphatics 
and bloodvessels appears to be the condition of the secondary tubercle-for¬ 
mation. The latter is present in from twenty to fifty days after inoculation. 
Miliary tubercles are found in at least three organs, which differ with the 
mode of inoculation: most often in the lymph-glands neai'est the point of 
inoculation and the corresponding serous membrane, in the lungs and liver, 
somewhat more rarely in the spleen, kidneys, intestines, etc. The. tubercles 
are macroscopically similar to miliary tubercles. Most affirm the micro¬ 
scopical identity of tubercle from inoculation, while others deny or doubt 
this, either with respect to all or many of them. Inoculation appears to 
succeed better, if small quantities of a not too irritant character are em¬ 
ployed, while larger quantities and substances more strongly irritant com- 
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rnonly give rise to stronger inflammation and suppuration, but not to tuber¬ 
culosis. 

Besides by inoculation, tuberculosis has been produced by the use of 
tuberculous masses as food. Finally, it is probable that the milk of tuber¬ 
culous animals generates tuberculosis in those nourished by it. Likewise 
the pearly sickness of cattle, a disease in general similar to tuberculosis, 
causes true tuberculosis. 

The inoculation of tuberculosis has during late years been a daily question. 
Disregarding the earliest experiments with inoculation by Kortum (1789), Cru- 
veiliiier (1820), and others, also disregarding the experiments connected with the 
inoculation of glanders and farcy and their artilicial production by Levell Vines, 
Renault-Bonne y, and others, we have the discovery in 1834 by Erdt ( Dieliotz- 
dyscr., 1863) of numerous knots in the lungs of horses after inoculation with scrofu¬ 
lous pus of man, by Klencke (1843) of pulmonary and hepatic tuberculosis in rab¬ 
bits. through injection of tubercle into the cervical veins, also by Lebert (1851) of 
similar results in dogs after injection of pus into the veins. But the greatest interest 
was excited by the communications of Ville.min (1805). V. introduced partly gray, 
but for the greatest part yellow tubercle-masses and cheesy pneumonic substance, 
also those substances from man or animals, finely triturated, once or many times, 
under the skin of different animals, and, from ten to twenty days thereafter, found 
fresh tubercle in the lungs, still later also in the intestines, mesentery, etc., especially 
in rabbits and guinea-pigs. From this he concludes that tuberculosis is a specific, 
virulent disease. A. Vogel with horses, and especialiy Langiians (die Vebertragb. 
d. Tuberc. avf Kaninchen, 1868) with rabbits, Biffi, Verga, Sangalli with mules, 
cows, sheep, dogs, mice, could not obtain the same results. On the other hand, 
Hi'jrard and Cornil (Union rued., 1866, Nos. 128 et 130), Hoffmann (1. c.), Colin, 
B shier, Emits, Mantegazza, Bizzozero, Lebert, and Wvss ( Virch. Arch., XL., 
p. 200; XLI., p. 540), Klebs, Koster, Waldenburg, Bijnen ( Nederl. Tijdschr., 

1868, p. 255), Simon and Sanderson, W. Fox, Papillon, Nicol and Layeran, 
and others, succeeded in many inoculations with the same or similar substances 
(cheesy pneumonic lungs, cheesy hypertrophic lymph-glands, cavernous and bronchial 
secretions, etc.), with substances of different kinds not tuberculous, also those which 
had lain in alcohol. Simon and Sanderson saw miliary tubercle also in consequence 
of suppuration after the use of setons, which had been applied for a long time. 

Coiiniikim and FrankeL found miliary tubercles in the peritoneum (the place of 
inoculation), liver, spleen, pleura, lungs, etc., not only after inoculation of tubercu¬ 
lous substances, but also after that of any portion of dead bodies or of any kind of 
substance (blotting-paper, gutta-percha, etc.). In favorable cases there appeared in 
the inoculated animals, mostly guinea-pigs, about the inoculated body a focus limited 
by a vascular capsule, and filled with an odorless, white, tenacious substance. Ac¬ 
cording to the authors, it is the dead and inspissated pus, the taking up of which into 
the circulation causes the formation of tubercle. (This metamorphosis of pus is fre¬ 
quent in rabbits, guinea-pigs, etc., rare in dogs, on account of which in the latter 
tuberculosis arises only when inspissated pus is injected directly into the hu¬ 
mors. ) The tubercle had therewith lost its specific character. The old strife, whether 
tubercle is a specific new-formation (Bayle, Virchow, Buiil, Ville.min, Ivlebs, 
and others) or a product of inflammation (Broussais, Reinhardt, Cohniieim, Nie- 
Meyer, and others), seems thereby at least in part to be set at rest. 

And yet Klebs, Bernhardt ( /). Arch. f. klin. Med., 1869, V.. p. 568). and others 
reached somewhat different results. The latter found that disinfection of the tuber¬ 
culous substance, inoculated from man as well as from rabbits, diminished its infec¬ 
tiousness to a high degree. Tuberculosis may accordingly be traced back to mechani¬ 
cal causes (capillary embolisms of metamorphosed products of inflammation— WYSS), 
or it arises through taking up very finely divided particles, smaller or at least not 
larger than blood-corpuscles, into the blood and their deposition into various organs 
(Waldenburg). Probably these particles act only or chiefly in a mechanical man¬ 
ner. This view is supported also by the predilection of the inoculated tubercle to 
lie in proximity to the vessels and even the vessel-wall (Fox, Wyss, Waldenburg). 

Some other experimental pathological facts, like the assumptions of Panum 
(Virch. Arch., XXV., p. 487) and Denkowski (Med. Gtrlbl. , 1865, No. 3), are still 
more doubtful. 

Further, the generation of tubercle has been experimented on, not only by inocu¬ 
lation, but by feeding, with similar results : Ohauveau, Aufreciit (Med. Uentralbl ., 

1869, No. 28), and others. 
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Through experiments on inoculation of tuberculosis, an importance has been given 
anew to a disease of cattle, which bears manifold resemblance to tuberculosis of man: 
this, the so-called pearly sickness or French disease of cattle is, according to Virchow, 
a lympho-sarcomatosis; according to Leisering (Ber. ill), d. Veterindrwesen in 
Sachsen, 18(54), Gerlacii, Fuchs, ZOrn, and others, it is a true tuberculosis. Accord¬ 
ing to Sciiuppel ( Virch. Arch., 1872, LVI., p. 38), it is histologically identical with 
tuberculosis. It is distinguished by this, that the reticulum does not undergo retro¬ 
grade metamorphosis, and that the pearly knots become calcified throughout and very 
early. It always appears primarily on the diaphragm and peritoneum, then attacks 
the lymph-glands, especially of the breast and abdomen, rarely, and for the most part 
in slight degree, the parenchyma of the lungs, liver, and Fallopian tubes. Ciiau- 
yeau first showed that the pearly sickness of cattle is transmissible to cattle. Klebs 
( Virch. Arch., LI., p. 291) found that guinea-pigs, after inoculation of matter gener¬ 
ated by the pearly sickness, were affected by general tuberculosis, and that calves, 
inoculated with human tubercles, were affected by pearly knots. Gerlacii, Harms 
and Gunther, and Leisering obtained analogous results. Gerlacii ( Virch. Arch., 

1871, LI., p. 290) fed two calves, two swine, one sheep, and two rabbits with the 
milk of a cow affected by pearly disease. With the exception of one animal, there 
were found in the four different kinds of animals, swellings and tuberculous degen¬ 
eration (gray nodules, small cheesy foci, and deposits of lime salts) of the mesenteric 
glands, and miliary tubercles in the lungs. Leisering (Ber. ilb. d. Veter., 1870) 
found that also boiled matter of pearly sickness was inoculated with success. From 
the experiments above given and from his own, Zurn (Zoopath. u. zoophysiol. Unters., 

1872, p. 1) draws the following conclusions: subcutaneous or peritoneal inoculation 
of the matter of pearly disease generates miliary tuberculosis in swine, rabbits, and 
sheep;—feeding with this matter has the same effect;—the pearly disease of cattle 
owes its origin to the same virus as tuberculosis of man ;—feeding with this matter 
boiled acts like that not boiled ;—the raw meat of animals strongly diseased with the 
pearly disease may infect healthy animals, boiled meat probably not. 

According to Klebs (Arch. f. exp. Bath., 1873, I.. p. 1(53), it is only an admixture 
of cheesy pus which produces tuberculosis. The milk of tuberculous cows generates 
tuberculosis in different animals. It usually begins with intestinal catarrh, then 
leads to tuberculous affections of mesenteric glands (scrofulosisi, also to tuberculosis 
of the liver and spleen, and finally to extended miliary tuberculosis of the thoracic 
organs. Thus is the course the same as that of human scrofulosis and secondary 
tuberculosis. Tuberculous infection by milk may be overcome by a strong organism, 
as the already formed tubercle may be resorbed or healed by the formation of cica¬ 
trix. The tuberculous virus is present in the milk of sick cows. It is found in form 
of solution in the serum of the milk. It is probably not destroyed by the common, 
not very careful mode of cooking. 

Ruge (Beitr. z. Lehre v. d. Tuberc., Berl. Biss., 1809) found that idiopathic tubercu¬ 
losis occurs in guinea-pigs. He also demonstrated (against Sanderson, Fox, Coiin- 
iieim, and others), that tuberculosis may appear after inoculations, without the pre¬ 
sence of pus-focus dependent upon the operation and introduction of a foreign body. 

From the experiments of Bogoslovsky (Med. CtrlbL, 1871, No. 7), who inocu¬ 
lated various animals with the serum only or only the formed elements of the same 
tuberculous pus, it was shown that only the latter were effectual. 

Accurate histological investigation of tubercle of inoculation was neglected by most, 
and the statements of Koster ( Verb. d. Wiirzb. phys.-med. Ges., June, 18(59) appear 
to justify many experimenters. Others describe tubercle from inoculation accurately, 
and regarded it as composed in the old manner. According to Fox and Sanderson, 
tubercle is equivalent with cytogenic or adenoid tissue. According to S. the tubercle 
from inoculation of the pleura, peritoneum, etc., is not an absolute new-formation, 
but a hyperplasia of normal, very small lymph-nodules. Klebs and Auereciit 
found giant- cells in it. 

The inflammatory affections often occurring in man with miliary tubercle, were 
also often found in tuberculosis from inoculation, as it appears, especially if the in¬ 
oculated matters were adulterated with mechanical or chemical irritants. 


Scrofulosis. 

Scrofulosis is a disease especially of childhood and youth. It is either 
congenital and occurs in the children of scrofulous or aged or nearly related 
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parents, or in tertiary syphilis, tuberculosis, etc., of the parents, especially 
of the mother. Or it is acquired : by cold, moist, badly ventilated, sunless 
abodes, unsuitable nourishment, little movement of the body, by preceding 
severe sickness in the first months of life (measles, whooping-cough). It 
rarely appears before the end of the first, mostly in the second and third 
years of life, not infrequently still later. 

The symptoms of scrofulosis are: inflammations of the skin, in the sub¬ 
cutaneous cellular tissue, of the bordering mucous membranes: eruptions 
on the skin, especially of the head and face, chiefly in the region of the nose, 
mouth, eyes, and ears, mostly of an eczematous or impetiginous form ; in¬ 
flammations of various kinds of the eyes, often with great photophobia; 
discharges from the ears; catarrhs of the mouth and throat; inflammations 
of the bones, including the joints, sometimes only of the periosteum, some¬ 
times of the bone itself, not infrequently with termination in caries or 
necrosis, most often of the vertebrae, of the small bones and joints of the 
extremities; inflammations in the external, more rai-ely in the internal 
(previously normal or hypertrophic) lymph-glands, sometimes of the com¬ 
mon character of cellular hyperplasia, sometimes with simultaneous forma¬ 
tion of pus, sometimes with formation of miliary tubercles. The cheesy 
masses of the lymph-glands are of the most varying size: sometimes hardly 
visible, sometimes of the size of a pea and larger, sometimes involving the 
whole gland. All these inflammations run their course slowly, and lead 
with a for the most part slight hypenemia to common dry suppuration and 
ulceration ; those of the lymph-glands easily pass to the limiting mem¬ 
brane, or mucous membrane. For the most part the face presents a 
bloated appearance, the lips and nose are thick, as if oedematous, the skin 
dirty-pale, the subcutaneous cellular tissue comparatively rich in fat, the 
muscles spare, the abdomen prominent, the extremities thin: so-called 
torpid scrofulosis. More rarely is there emaciation and a moderate red¬ 
dening of the skin: so-called eretiiistic scrofulosis. In both cases the 
quantity of the blood in general is diminished. Especial blood-changes are 
not known. 

The individual affections of the scrofulous perhaps have, according to the 
older view, nothing peculiar. This holds good of inflammations, as well as 
of lion-inflammatory swellings. The latter are sometimes more like chronic 
oedematous infiltrations, sometimes more like oedematous connective-tissue 
hypertrophies. Characteristic of it, however, are : the great ease of its ap¬ 
pearance (so-called vulnerability of tissues), the obstinacy of its duration 
(mostly for years), or of its return without demonstrable cause, the ease 
with which the lymph-glands participate (at the beginning in form of an 
enlargement of their cells and of an increase of them, later in form of cheesy 
transformation and secondary softening), and the length of time with 
which suppuration of the latter outlasts the primary affections of the skin 
and mucous membranes. 

The termination of scrofulosis is, in its lower grades, for the most part, 
recovery, in its higher grades not infrequently death. The latter results: 
through scrofulous, or tuberculous suppurations, or through miliary 
tuberculosis of internal/organs (mesenteric and bronchial glands for the 
most part with, rarely without tuberculosis of the intestines and lungs); 
through severe suppurations of the joints and bones with consecutive maras¬ 
mus or with lardaceous degeneration of different organs ; rarely through 
general anaemia. 

Scrofulosis and tuberculosis are held by many to be identical, by others 
to be different. More recent investigations have shown that there is no 


LYMPHOMA. 


459 


essential histological distinction between tuberculosis and scrofulosis of the 
lymph-glands. This identity is supported by: the frequently simultaneous 
occurrence of tuberculosis and scrofulosis ; the circumstance, that scrofulous 
children not infrequently become tuberculous; that scrofulous new-forma- 
tions resemble the tuberculous, not only of themselves, but also in their 
most frequent metamorphoses (cheesy transformation or simple atrophy). 

According to Klers, forms of disease of the lymph-glands may be produced by 
inoculation of tuberculous matter, which forms of disease bear a perfect resemblance 
to scrofulous forms of disease of the glands in man. 

Consult, on the histological relations, Schuppel ( Unters. uber Lymphdrusen- Tab ere., 
1871). According to Sen., cheesy metamorphosis of the lymph-glands depends upon 
the presence of tubercles. The latter are found always and exclusively in the vascu¬ 
lar follicles of the glands, and have the structure above given. Their further fate is 
most frequently necrosis of the cells as well as of the reticulum, more ofteu with 
subsequent softening, less frequently with encapsuling or with deposit of calcareous 
salts ; resorption rarely occurs, and only to a limited extent. 


2 . Lymphatic new-formation, lymphoma. 

Virchow, Fror. Not., 1845, p. 780; Arch. , 1847, I., p. 569; V., pp. 58 et 125; 
Wurzb. Verb., I., p. 81 ; VII., p. 115; Die krkh. Geschw. , II., p. 559. — Bennett, 
Edinb. Med. Oct., 1845. — Buiil, Ztschr. f. rat. Med., 1856, VIII. — E. Wagner, 
Arch. f. phys. Heilk, 1856, p. 441 ; Arch. d. Heilk, I., p. 822; II., p. 103; V., pp. 
90 et 262.— Friedreich, Virch. Arch., 1857, XII., p. 37. — Bottcher, Virch. Arch., 
1858, XIV.. p. 483; XXXVII., p. 163.— Volkmann, Abh. d. Naturf. Ges. in Halle, 
1858.— Beckmann, Virch. Arch., 1860. XIX., p. 537. — Deiters, Deutsche Klinik, 
1861, Nos. 15, 18. 19, 22. — Forster, Wurzb. med. Ztschr., III., p. 203; Lehrb. d. 
path. Anat., 6. Aufi., 1864, p. 119.— Recklinghausen, Virch. Arch., 1864, XXX., 
p. 370 .—Simon, Med. Ctrlbl., 1868, No. 53.—Hoffmann, Unters iib. d. path.-anat. 
Ver. d. Orgy, beim Abdorn. - Typh., 1869.—Neumann, Arch. d. Heilk., 1870. XI., p. 
1 ; ScmiiDT’s Jahrb., XCVII., p. 203; CXII., p. 33; CXV., p. 175. — Waldeyer, 
Virch. Arch., 1871, LII., p. 305 .—Wolffiiugel, Zur Kenntn. leukdin. Neubild., 
Wurzb, Dm., 1871.— Ponfick, Virch. Arch. , 1872, LVI., p. 534.. 

(See besides, the literature of typhoid fever and leucocythtcmia.) 

Lymphatic new-formations are nearly always small, even micro¬ 
scopical, rarely larger, appearing in form of tumors, or as infiltration, white 
or gray-white, for the most part soft, rarely firm. They consist of small or 
medium-sized, rounded, bright nuclei, and, as a rule simultaneously, of 
small cells, which are similar to lymph-corpuscles or colorless blood-corpus¬ 
cles ; sometimes, however, they are larger. Both lie, in varying quantity and 
with an abundant or scanty, for the most part semi-fluid, rarely at points or 
wholly fibrous intermediate substance, between the normal elements. 

Lymphatic new-formation shows manifold, in special cases sometimes not 
recognizable transitions to granulation-tissue, on the one hand, but is to be 
distinguished from it by this, that it is never transformed into connective 
tissue (see p. 380) ; nor, on the other hand, to hyperplastic or even to 
heteroplastic new-formation of cytogenic tissue (see p. 440). 

Lymphatic new-formations occur constantly in typhoid fever, frequently 
in leucocy tlnemia, sometimes also in measles, scarlatina, and variola, in puer¬ 
peral fever, diphtheria, chronic diseases of the heart, Bright’s disease, etc. 
They are often found in the granulation-tissue of every locality, as well as 
in many connective-tissue hypertrophies of the skin. 

In typhoid fever these new-formations form the only essential anatomi¬ 
cal condition in the small intestine, in the corresponding mesenteric glands, 
in the spleen, not infrequently also in the liver, sometimes in the large in- 
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testine, in the kidneys, the peritoneum, the laryngeal mucous membrane, 
etc. In the intestinal canal and mesenteric glands there arise thereby the 
known pulpy infiltration, in the spleen the soft swelling, in the liver, kid¬ 
neys, and peritoneum various numerous, for the most part small, even 
microscopical, gray or white, soft granules. 

The new-formed nuclei and cells have sometimes the significance of an increase of 
gland-juice, as in the solitary follicles of the large and small intestines, in Peyer’s 
patches, in the lymph-glands of the mesentery, liver, spleen, kidneys, bronchi, spleen ; 
sometimes they form an infiltration, or have the form of very small, gray-white, soft, 
isolated or confluent granules. This is the case in the capsule of the intestinal fol¬ 
licles, in the connective tissue of the mucous, sub-mucous, muscular, subserous, and 
serous tunics arouud the affected follicles of the intestine, in the capsule of the 
lymph-glands, in the connective tissue surrounding these, in the connective tissue of 
the hilus of the glands, in the liver, where the granules are met with in the interior 
of the acini or in the sheaths of the vessels, in the kidneys, where they occur espe¬ 
cially in the cortical substance, in rare cases also in the mucous membrane of the 
urinary passages, and in the peritoneum at a distance from the affected follicles. 

With respect to the destiny and the metamorphoses of lymphatic new- 
formation, we know them only as they occur in typhoid fever. In what 
relation it stands to the constantly accompanying general affection is not 
known. 

Lymphatic new-formation in typhoid fever is either resorbed by way of fatty 
metamorphosis : the most frequent process. Or, there appears a simple atrophy of 
it, sometimes with fatty metamorphosis : sloughing, especially on the intestinal mu¬ 
cous membrane. Or, softening appears through increase of the fluid basis substance. 
Or, there appears calcification. 

Heschl ( Wien. med. Wschr., 1871, No. 84) found in the typhous infiltration of the 
intestines, in the mucous membrane within the very distinct, often isolated adventi¬ 
tia eapillans , the nuclei in the vessel-wall swollen to three times their diameter and 
twice their length, projecting from all sides into the lumen of the vessels, the latter 
correspondingly narrowed, and wavy; the dilated vessels were densely filled with 
blood-corpuscles. Many capillaries were wider, provided with enlarged nuclei, and 
contained white and red blood-corpuscles : the former in comparatively larger num¬ 
ber ; many of these were far larger (two to three times) than normal, and resembled 
the larger cells of typhoid infiltration found outside of the vessels. All this explains 
the slough-formation, since the narrow portions of the capillaries cannot be passed 
by the enlarged blood-corpuscles. (H. saw a similar thing long ago in inflammatory 
induration of the lungs.). In the longitudinal muscular layer, H. found quite con¬ 
stantly an increase of the muscular nuclei. The muscle-cells commonly divide into 
many parts, which finally assume the form of other typhous cells, and between the 
muscular bundles form nests of cells. 

In other contagious diseases, only in some cases lias lymphatic new- 
formation been found, especially in those of the liver and spleen, rarely of 
other organs. In variola vera it is most constant in the spleen in form of 
round nodules or branched striae which correspond to the distribution of 
the vessels. 

Roth ( Virch. Arch. , 1872, LIV., p. 254) found, in a very chronic case of pharyn¬ 
geal diplitheritis, in part large lymphatic growths in the kidneys, liver, submucous 
coat of the stomach and intestines, larynx, cellular hyperplasia) in the spleen and 
lymph-glands. 

Leucooytilemic new-formations occur most frequently in the spleen 
(so-called lienal leucocytluemia), in the lymph-glands (so-called lympha¬ 
tic leucocythaimia), and probably in the medulla of bones (so-called myelo¬ 
genic or medullary leucocytluemia), more rarely in the liver, rarely in 
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the kidneys, mucous membrane of the stomach, jejunum, ileum, rectum, 
the great air-passages, in the pleurae, peritoneum, pericardium, periosteum, 
tonsils, choroid, brain (so-called neo-plastic leucocythaemia). The spleen 
and lymph-glands thereby become uniformly, and not infrequently to five 
and even twenty times enlarged. The leucocythsemic spleen occurs in 
two forms : in the diffuse form the cellular growths are uniformly distrib¬ 
uted through the spleen in the arterial sheath; while in the other form 
the lymphoma-formation affects only the follicles of the spleen. The 
bone-marrow (of tubular bones as well as of the sternum, ribs, and verte¬ 
bra') is uniformly greenish-yellow, but in the air is grayish-red. In the 
remaining organs there are found for the most part small, sometimes micro¬ 
scopical, round, spherical (sometimes like miliary tubercle), more rarely 
larger, Hat round, branched or directly infiltrated masses. They for the 
most part show no essential change, or only slight simple atrophy or fatty 
metamorphosis; leucocythsemic ulcers and cavities rarely occur. They are 
for the most part chronic, in very rare cases acute. 

The more immediate relation of leucocythsemic new-formations to in¬ 
crease of colorless blood-corpuscles is not yet known. 

Deiters communicates a case anomalous in many respects, and important on 
account of its relation to leucocythasmia. He found lines of spindle-shaped cells, of 
which the most external layers were used in the formation of the capillary wall, the 
internal in the formation of lymph-cells. 

Olliviek and Ranvier ( Gaz. vied, de Par., 1867, No. 24) regarded lymphatic 
new-formations in various organs in leucocythjemia as arising through bursting of the 
bloodvessels, exit of lymphoid corpuscles and increase of them at the place of their 
escape. Eberth ( Virch. Arch., XLIII., p. 8) questions whether the elements of 
leucocytluemic growths may not be direct descendants from the blood. Koster 
{Med. Centr., 1868, No. 2) holds that in leucocythaemia the colorless blood-corpuscles 
penetrate into serous membranes and cavities. But he could not convince himself 
with respect to a new-formation in serous connective tissue. Also the lymphoid cells 
occurring in leucocythjemia in interstices of organs (liver, kidneys) he regards as emi¬ 
grated colorless blood-cells. 

Klob ( Wien. med. Wochenschr., 1862, No. 3d et 36) objects to the assumption of 
the so-called leucocythsemic tumors of the lymph-glands : 1, that a blood-change analo¬ 
gous to that in lymphatic leucocytluemia occurs also without lymph-gland tumors; 2, 
there are sufficiently precise observations of very considerable hyperplasia} of lymph- 
glands without a corresponding blood-change. According to K. there are no spe¬ 
cific tumors belonging to leucocythamiia or dependent upon it, consequently also no 
leucocythannic tumors. 

Buhl ( Lungenentz , etc., 1872, p. 133) first drew attention to the frequency of 

LYMPHOMA-FORMATIONS IN EMBRYONIC CONNECTIVE TISSUE (granulation CtmneC- 
tive tissue); that lymphomata occur in corresponding inllammations of serous mem¬ 
branes, etc., so much the more certainly as the new-formation, in opposition to the 
intercellular substance, is richer in cells. Generally there is a more extensive em¬ 
bryonic connective tissue new-formation without lymphoma-formation. If the lym¬ 
phomata are few in number, they become resorbed. 


XII. NEW-FORMATION OF (TRUE) EPITHELIUM. 

The literature is found in that of healing of wounds (p. 377), as well as in that of 
some new-formations consisting of epithelium, especially adenoma and epithelial 
cancer. The epithelium of the organs of sense, as the rods, etc., of the retina, are 
left out of consideration in the following remarks. 

New-formation of true epithelium is of frequent occurrence. It 
embraces all those formations which in the normal development of the body 
proceed from the external germinal layer (exclusively of the nervous sys¬ 
tem) and from the internal germinal layer: thus the epidermis with the 
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rete Malpighi, the cutaneous glands, the hair, the epithelium and glands of 
the mouth, throat and nose, the crystalline lens, the kidneys, and genital 
glands; also the gastric and intestinal epithelium, intestinal glands, liver 
and epithelial elements of the respiratory system. 

(On the new-formation of so-called false epithelium, see p. 394.) 

Under normal conditions, the distinction between true and false epithelium (so- 
called endothelium) is easy at least in those parts which are of interest to us. Under 
pathological conditions, on the other hand, this is not infrequently difficult or even 
altogether impossible. The following characteristics belong to true epithelium : 
origin from the external or internal germinal layer; true epithelial cells are always 
connected, but only by an intercellular substance, a cement; they contain no blood- 
or lymphatic vessels (WALDEYER). 

His distinguishes only two germinal layers, the archiblast and the parablast. The 
former has its origin from the cells of the ovum, the latter from the white yolk. 
The archiblast embraces all tissues, except vessels (with blood) and connective sub¬ 
stances. 

Concerning the form and locality of pathological new-formation of true 
epithelium, and of forms derived from it, there are three opposite views: 
the one, which makes this epithelium, etc., to arise only from pre-existing 
epithelium of the external or internal germinal layer, which thus transfers 
the normal processes of development to pathological processes ; the other, 
which besides this genesis assumes another origin of true epithelium from 
connective tissue, and either by growth, etc., of the connective-tissue cor¬ 
puscles, or by metamorphosis of migratory cells into epithelial cells, thus 
from elements of the middle germinal layer; and the third, whereby the 
epithelium arises from free blastema, which is a product of the epithelium 
or of the subjacent tissue. The first view is by far the best supported 
theoretically, as well as by experimental investigations, observations on the 
dead body and in the sick. (See p. 361.) 

New-formation of epithelium occurs likewise in form of regeneration, 
hypertrophy, and tumor. Both of the latter forms, however, have such 
manifold transitions, that a separate consideration of them is for the most 
part impossible. 

New-formed epithelia are found either in localities where it occurs 
normally, as in the skin and mucous membranes, in true glands; or they 
grow into other forms of tissue, e.g., epithelium of mucous membrane 
into mucous and submucous tunics, etc. (so-called heterotopia). They 
repeat in both cases either the normal gross and fine forms (homologous 
new-formations); or they depart from it more or less (heterologous new- 
formations, glandular tumors, many cysts, epithelial cancers). They occur 
finally either alone, or there is developed with them simultaneously vas¬ 
cular connective tissue. 


1. REW-FORMATIOR OF EPITHELIUM ALORE. 

A. New-formatior of epithelium as regereratior. 

A regeneration of epithelium of every kind is of very frequent occurrence. 
If the epithelium is poly-laminar, as on membranes, etc., and the upper 
epithelial layers only are destroyed, while the lowermost remain, as is the 
case in traumatic erosions of the skin and mucous membranes, in many 
catarrhal inflammations, regeneration probably takes place in the same 
manner as under normal conditions. 

But in those cases, where all the layers of the epithelium are destroyed, 
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the conditions of regeneration are complicated. That such a regeneration 
does take place, is shown by thousands of observations on the skin and 
external mucous membranes, as well as by many experimental investiga¬ 
tions. In healing wounds of every kind of the skin and mucous membranes, 
epithelial regeneration usually takes place from the borders of the wound: 
so-called border or peripheral restoration of the skin; more rarely alone 
or at the same time separated from the borders of the wound in one or 
more points: so-called insular or central restoration. The former takes 
place only in a comparatively limited manner: it appears usually on this 
account much more important, because, simultaneously with the restoration 
of membrane, there follows the so-called cicatricial contraction of the whole 
surface of the wound. With respect to the latter, insular masses of epider¬ 
mis, especially in gangrenous wounds, are observed upon the granular 
surface: these correspond most probably to points where the papilla; with 
the immediately adjacent epithelium are in part preserved. 

The histological conditions of epithelial regeneration have only recently 
reached a certain conclusion. Regeneration takes place most probably only 
from those epithelial cells which lie near, i.e. under the loss of substance. 
According to one view, the bordering epithelia are twofold and more en¬ 
larged, divide after previous increase of nuclei, and grow into the space 
left by the loss of substance. According to the other view, the epithelia 
remaining behind push out nuclear processes, which are thickly developed 
near the mother-cells, or penetrate between the neighboring epithelial cells, 
thereby also pushing forward old epithelial cells, and finally become inde¬ 
pendent. The remaining theories of epithelial regeneration are without 
well-founded microscopical proofs. 


Arnold ( Virch. Arch., 1869, XLVI., p. 168) has investigated the regeneration of 
epithelium in the tongue, cornea, and foot-web of the frog, as well as on the palate and 
scab) of the dog, with and without previous injection of cinnabar iuto the blood. He 
found on the hard palate in the restoration of the membrane over parts where there 
were deep losses of substance, a formation of isolated islands of epithelium. Accord¬ 
ing to A., the epithelial spaces were entirely or only peripherically filled with a finely 
granular substance, which at the border of the epithelium is metamorphosed into a 
glassy, peculiarly refractive mass. This consists for the most part of single or many 
flat, more rarely of more globular epithelial cells, which lie with one surface on the 
subjacent tissue, while the other surface is free or covered by other epithelial cells. 
In these masses phenomena of division now appear, like those in the ovum : light lines 
pass through them and divide them at first into larger, very soon into smaller rounded 
or angular sections, which have the size of one or of from three to six epithelial cells. 
In the plates thus defined there immediately appear bright bodies (nuclear corpus¬ 
cles) ; these are bounded by ill-defined circles, the first phenomena of a nucleus-for¬ 
mation, finally a complete nucleus. During these changes, very fine granules are 
seen in the light substance of the surface. Thus finally the epithelial cell becomes 
complete. The finely granular substance, out of which the protoplasm is formed by 
metamorphosis, is either a product of secretion of the epithelial forms lying at the 
border; or it is a product of the corneal tissue, skin, and mucous membrane. A. 
regards the latter as the more probable. 

Wadswortu-Eberth, Hoffmann, and others have opposed this view. 

Most surgeons hold fast to a doubt,e origin of epithelium ; partly from tho 
normal epithelium of the borders of wounds, partly from the uppermost granulation- 
cells. They support the latter view, especially on the occurrence of epithelial islands 
separate from the borders of the wound, in part also on the still doubtful in'croscopi- 
cal facts. Others, on the other hand, especially Tiiierscii (Der Epithelial/crabs, 1865 ; 
— Pitha-Billroth's Ildb. d. Chir ., I., 2. Abth., p. 531), according to him, also Wal- 
deyer ( Virch. Arch., XLT., p. 470), hold the source of new epithelium to be only 
pre-existing epithelia: either from the epithelia still remaining in or under the gran¬ 
ulating wound-surface (e. g. , in superficial wounds in the portion of the stratum Mal¬ 
pighi depressed bstween the papillae, or by growth inward from the epithelia of the 
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borders of the wound. Th. supports his view on this, that in wounds of the skin the 
bordering restoration of membrane is only one to two cent, broad, that then the capa¬ 
city of the pre-existing epithelium to further production is exhausted, which the view 
of his opponents makes improbable. Til. likewise saw in rare cases epithelial islands 
on well-protected granulations, where every co-operation of pre-existing epithelium 
was impossible ; but these restorations of the surface again disappeared after a few 
hours’ or a single day’s existence. 

The view defended by many, that the ORIGIN of EPITHELIAL CELLS IS FROM 
fixed corpuscles of the SUBJACENT connective tissue, by direct metamorpho¬ 
sis, or after preceding increase, is neither histologically nor experimento-patliologi- 
cally founded. F. A. Hoffmann ( Virch. Arch., LI., p. 373) introduced cinnabar 
through the sclera into the anterior chamber of the eye of a frog, and found after 
seven to fourteen days the same in the anterior epithelium. But perhaps the gran¬ 
ules were transported hither by the transudation and increased intra-ocular pressure. 
If cinnabar is introduced into the blood, it is found after twenty-one to twenty-five 
days in the fixed corneal corpuscles, but not in the corneal epithelium, not even after 
thirty to fifty days. 

The origin of epithelium from migratory cells has likewise found support¬ 
ers, but is demonstrated neither histologically nor by injection of coloring matters 
into the blood. It is supported by the regular occurrence of such cells between the 
normal epithelia, as well as by their increased number in epithelial membranes, in 
which regenerative processes take place alone or simultaneously, also with inflamma¬ 
tory processes (Arnold and others). They lie here between the epithelia, and are 
easily recognized as long as they are not dead, and thereby have become granular 
and globular, by their brightness, their irregular form, and their processes. On the 
significance which belongs to migratory cells in regeneration, vide infra. 

With respect to the origin of epithelium from epithelium remaining intact, many 
experimento-pathological investigations as well as surgical experience support it. In 
both cases the injury is followed besides by the regenerative, almost always also by 
inflammatory processes: thereby there arise two forms of also histologically different 
products, which are with difficulty or not at all to be kept distinct. 

According to ClelaND (Joura. of Anat. and Phyn. , 1863, II., p. 361), the corneal 
epithelium is regenerated from the same and also from its middle layer. 

Heller ( Urriers. ub. d. fein. Vorg. bei d. Entz., Erl., 1869, p. 28) has directly 
observed the division of epithelial cells (at first of the nucleoli, then of the nuclei) 
and their migratory character during restoration of the epithelium of wounds of the 
tongue. 

Wadsworth and EBERTn ( Virch. Arch., 1870, LI., p. 361) separated the corneal 
epithelium in the frog by tincture of cantharides, collodion or ether, also in rabbits 
and guinea-pigs, at the same time with removal of the most external lamella of the 
cornea. A few days after, regeneration of the epithelium appeared* in the following 
manner. The epithelia bordering the loss of substance, probably also some epithelia 
remaining in the continuity, BECAME TWO TO THREE FOLD LARGER and DIVIDED, 
after a previous increase of the nuclei (by division or free nucleus-formation), without 
the assistance of free protoplasm, and grew into the space occasioned by the loss of 
substance. Even small islands of corneal epithelium, if they are quite removed from 
the vascular organ, continue to live, and produce new epithelium though more slowly 
than epithelium remaining after central losses. 

F. A. Hoffmann (1. c.) experimented likewise on the cornea of the frog and rabbit. 
According to him, new epithelium arises by a proliferation of the epithelia still 
present. These PUSH forward processes and are closely developed by side of the 
mother-cells, or penetrate between neighboring epithelial cells on the side of the least 
resistance. Probably there exist the most manifold transitions between division in 
the common sense and constriction after budding. II. never saw processes connected 
with the cells of the lowest layer; they arise perhaps from those lying above. Ac¬ 
cording to this view, the space is not entirely closed by new cells, but by the young 
cell-processes, which are formed to a great extent, penetrate also old cells, so that in 
a certain stage there is found a wonderful mosaic of old and young cells extended 
over the whole cornea. Preparative to this is the action of the migratory cells ; 
they, in the first stage of the reaction, reach into the epithelium, loosen it. lead to 
the formation of very small open spaces; these later become filled by epithelial cell- 
processes, i.e. young epithelia. 

Heiberg ( Oestr. Jb ., 1871, 1. II., p. 7) investigated the new-formation of corneal 
epithelium, which had been scraped off, especially in the frog, also in hens and rats. 
Restoration follows in frogs before the end of the third, in birds, etc., before the end 


REGENERATION BY TRANSPLANTATION. 


40 5 


of the first clay. Regeneration of the defect proceeds always from the borders. The 
migratory cells have no share in this. The epithelia immediately adjacent to the 
epithelial defect push forward irregular, unequally long, and short, knobbed processes, 
which project into the spaces. The knobs change their form, but much more slowly 
than in amoeboid movements. In the processes there appear small, strongly refrac¬ 
tive, round globules, like nucleoli. Many processes collect into homogeneous, clear 
globules or round plates and separate. The processes arise from the surface, as well 
as from the deeper lying epithelial layers. 

Krause (Arch, f Anat., Phys. u. wins. Mexl., 1870, p. 232) found in investigations 
of successive cut surfaces in the anterior epithelium of the cornea, that the cell-new- 
formation did not take place in the lower cell layers, but first began in the third 
layer. In the epidermis of mammals it is the so-called middle layer, i. e. , the parts of 
it lying closely beneath the corneal layer, to which the reproduction of the external 
horny layers is under normal conditions ascribed. 

In the skin, the conditions of epithelial regeneration are, according to Sciir5n 
(Contnb. alia anat., fisiol. epathol. delki cute umana, 1865), still more complicated. 
Sen. assumes, with Oeiil, three layers of cutaneous epithelium: the stratum Mal¬ 
pighi, the stratum pellucidum (proceeding from the uppermost layers of the Malpig¬ 
hian layer), and the stratum corneum (epidermis proper). The latter is regarded by 
Sen. as a product of the sweat-, perhaps also of the sebaceous glands. According to 
Sen., the restoration of the surface of cicatrices always consists only of the stratum 
Malpighi and stratum lucidum, if no sweat glands are present in the extent of the 
wound; on this account the cicatrix remains smooth and shining. And yet irregular 
lamellar epidermis-like masses may be formed thereon (hypertrophic stratum luci¬ 
dum— Rindeleiscii calls them cicatricial epitheliomata). In superficial injuries of 
the skin, the sweat-gland coils remain for the most part uninjured; since these glands 
produce only corneal cells, a complete regeneration of the epidermis is possible. 
Auffhammer (Verb. d. Wurzb. ph.-med. Ges., 18G9) has refuted for the most part 
Sciiron’s statements. 

According to Lott (Med. Ctrlbl., 1871, No. 37), in regeneration of the corneal 
epithelium from the so-called pedal plates of the so-called pedal cells [ Fusszellen] 
(Rollett), by gradual growth of nucleated portions of protoplasm, are separated 
and are shoved farther upward. 

Consult also Scixuller, Virch. Arch., 1872, LV., p. 159. 

In closest relation with epithelial regeneration from epithelium, stands 
the practice during late years of transplantation (without bridge-forming : 
see p. 381) of small portions of skin and mucous membrane on granulation- 
surfaces. This, since its discovery, has been many times performed with 
the best results in large cutaneous ulcers, which heal with difficulty or not 
at all, in large accidental or intentional losses of cutaneous substance, to 
lessen cicatricial contraction, etc. The pieces of skin transplanted on wounds 
consist of cutis together with epithelium. The former unites with the sub¬ 
jacent portions of skin by first intention, the horny layer of the epithelium 
is thrown off, new epithelium is formed from the rete Malpighi on the bor¬ 
dering surface of the wound, for the most part in the form of needles. 
Unfortunately the great expectations connected with the above discovery 
have not been fulfilled in practice, since the epithelium thus formed is less 
durable. 

J. L. Reverdin first made the experiments in question (Soc. de Chir., Dec. 13th, 
1869; Gaz. d. Up., 1870, No. 4, 1871; No. 151; Gompt.-rend., 1871, LXXIII., p. 
1280; Arch, yen., 1872, XIX., pp. 276, 555, et 703). Concerning the numerous 
remaining publications, see Weiss (TJeber Transplant, gdnzlich abgetr. Ilautstiicke, 
Tub. Biss., 1872). On the general pathological conditions, consult Fiddes, Lancet, 
Dec., 1870.— Page, Med. Journ., Dec. 3d, 1870.— Steele, lb., Dec. 10th, 1870.- 
Jacenko, Wien. med. Jahrb., 1871, p. 416.—Tir. Bryant, Guy's Uosp. Hep., 1872, 
XVII., p. 237.—TniERFELDER, Arch. d. Heilk., 1872, XIII., p. 524.— Biesiadecki, 
Unters., 1872, p. 00. 

According to RkvERDiN (Compt.-rend., 1. c.), transplanted pieces of skin never 
consist of epidermis alone, but always also of a portion of cutis. In the white man 
transplanted flaps of skin from other white men, from negroes, rabbits, in the rabbit 
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those from rabbits, man and cats succeed. If a transplantation is successful, the 
piece of skin (la gr&ff'e epidermique) after twenty-four hours has adhered, is swollen 
and wrinkled. On the third day there is formed about it a smooth red ring - , and the 
piece now lies buried beneath the summit of the granulations. On the following 
day the red ring becomes gray, and by degrees whitish ; cicatrization proceeds in the 
same manner. If the pieces have been taken from a pigmented skin (negro, black 
cats), they gradually become discolored and finally become white. The microscope 
shows the cells of the epidermis of the piece, at the end of twenty-four hours, in a 
state of desquamation: the nuclei show Ranvier’s vesicular change. On the limits 
of the Hap the epidermis is extended only a little over the granulations ; but, besides, 
it penetrates between the derma and the granulations, and at this points always 
sends off a more or less deeply penetrating process. The processes going out from 
the epidermis are always in intimate connection with the embryonic tissue of the 
wound. In a piece six days old, the surrounding epidermoidal process, found in the 
depth of the wound, is strongly developed. From the upper border of the piece 
there extends a layer of epidermis of varying thickness. New and often very volu¬ 
minous and irregular buds grow out from their deep surface, which penetrate into 
the embryonic tissue. Globules of epidermis like those in cancroids are often found 
at its base. On the border the epidermoidal layer extends and divides, becoming, as 
it were, fan-shaped. This consists of new-formed epidermoidal cells. The connec¬ 
tive tissue base of the piece is, after six days, pierced by embryonic vessels, which 
communicate with those of the granulations, and the connective tissue now shows 
especially the embryonic character of granulation tissue. Hence R. concludes : 1, 
the attachment of the transplanted piece occurs in the first place through the epider¬ 
mis, and only secondarily through the connective-tissue base ; 2. the epidermis exer¬ 
cises a kind of action by contact, by which it induces a metamorphosis of the border¬ 
ing embryonic surface into epidermis. 

After the now common transplantations of pieces of skin, the skin retains its vital¬ 
ity for eight hours, and even longer. 

.Tacenko showed that in transplantations of separated pieces of skin, the cells of 
the rete Malpighi continue to live on the new base, and may serve as the point of 
departure of a new-formation : they show increase of nuclei, etc. The connective 
tissue of a transplanted piece of skin was, on the fifth day, very abundantly occupied 
at points by young cells; the spindle-shaped cells sometimes showed constrictions, 
and some of them were inulti-nuclear. 

That the formation of islands about small particles of skin depends upon a proli¬ 
feration of the cells of those particles, is seen macroscopically in transplanted black 
particles of skin : such a particle, in ten weeks, is twenty-fold enlarged, and has sent 
out its black processes. 

Heiberg {Med. Ctrlbl., 1872, No. 12) successfully inoculated pieces from the wall 
of an atheromatous cyst upon an ulcer of the leg. Czerny (Med. Ctrlbl., 1871. No. 
17) inoculated epithelium of mucous membrane (uvula) and ciliated epithelium (from 
nasal polypi) on granulating surfaces of wounds with favorable results. But in both 
cases the descendants of those cells were later separated from the borders of the 
cicatrix. 

According to some observations, diseases also are conveyed by transplantation 
(small-pox—pyaemia, syphilis). 

That cicatrices, after transplantation of skin on ulcers, offer a greater resistance, 
is by experience thus far made very doubtful: Studensky, Med. Ctrlbl ., 1873, No. 
13; oral communications by Thiersch. 

Regeneration of laminated epithelium of mucous membranes occurs 
in the same manner as that of epithelium of the skin ; that of uni-laminar 
epithelium of mucous membranes is in its histological processes still imper¬ 
fectly known. 


Physiologically, a throwing off of the greatest part of the epithelium of the 
body of the uterus, and a quick regeneration of it, occurs at each menstruation. On 
the conditions in pregnancy, vide infra. 

In epithelial regeneration with uni-laminar epithelium, either new epithelia arise 
from the old, on the border; or they proceed from cells similar to lymph-corpuscles, 
which cells lie under and between the lower and smaller extremities of the cylindrical 
epithelia (repair-cells ( ErsatzzeUen ) of Ebstein). 
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The dermoid metamorphosis of portions of mucous membrane, which 
are exposed to the air, continued irritation, etc., belong in part here : the 
pavement epithelium on the surface becomes like epidermis, but, according 
to many, represents only the stratum lucidum ; the cylindrical epithelium 
is metamorphosed into pavement epithelium ( e.g in the nose, on the eye¬ 
lids, in the vagina and rectum, on many polypi of mucous membranes), after 
grafting of cylindrical epithelium on wounds of the skin. The same meta¬ 
morphosis of many mucous membranes after long-continued chronic catarrhs, 
sometimes with thickening of the epithelium and new-formation of papillae, 
may in part also be included here. 

The same is true of the transplantations, which consist in separating 
a portion of the body (in practical surgery a piece of skin) from the body 
and transporting it to another wounded part. The part to be transplanted 
remains partly attached to its original site by a vascular bridge, or it is 
wholly separated from it. The former is the case in plastic surgery. 

Regeneration of the nails 

takes place, if the nails have been destroyed by mechanical injury, burning, 
freezing, inflammation, or haemorrhage, of the bed of the nail. 

Rarely this regeneration is regularly repeated : according to Pechlin, a boy every 
autumn lost his nails, which had become bluish black, together with the epidermis, 
and again they were renewed. In such cases, according to Laijtii and Hyrtl, the 
whole bed of the nail is covered with soft corneal scales, which by degrees harden, 
are formed into a true nail and appear with the free border above the points of the 
fingers (Kolliker, Hdb. d. Gew.). New-formation of nails on the second phalanx 
after loss of the third, was seen by myself in a boy, whose last phalanges of the three 
middle fingers of the right hand had been cut off: on each of the anterior ends of the 
three stumps there was formed a small, thick, irregular four-cornered nail. 

Regeneration of hair 
takes place, if their bulb is preserved. 

According to Pincus ( Arch. f. Anat. u. Phys ., 1871, p. 55), the daily fall of hair in 
middle age averages 55-60 hairs, in children 90, in old age 120. 

The hairs, which fall out after severe diseases are, as is well known, regenerated : 
probably they are formed in the old hair-follicles, since according to E. H. Weber, 
the follicles of lost hairs are preserved for a long time. A new-formation of hair in 
the deeper cicatrices of the skin has not yet been observed. 

Regeneration of the tissue of the crystalline lens 
has in some cases from the epithelium of the capsule been with certainty 
demonstrated. 

Regeneration of gland-cells 

in particular has not yet been certainly demonstrated, but with respect to 
some glands (mucous glands, kidneys) is very probable. 

The question, whether in deep losses of substance of the skin the sebaceous and 
sweat-glands are regenerated, has as yet not been definitely answered. The same is 
true of the glands of mucous membranes in ulcers, etc. A regeneration of gland-cells 
in the epithelia of the urinary tubules, e.g. , in so-called acute Bright’s disease after 
scarlet fever is most probable. Here for days and weeks large quantities of the epi¬ 
thelia of the urinary tubules and casts may be evacuated with the urine, without a 
subsequent visible effect on the health. According to A. Key ( Hygeia , 1869, XXX., 
p. 580), epithelial regeneration here takes place from the migrated white blood-cor¬ 
puscles. According to Waldeyer, Klebs and Zenker (I>. Arch. f. Min. Med., 
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1872, X., p. 166), similar conditions sometimes occur in acute yellow atrophy of the 
liver. 

B. NeW-FORMATION OF EPITHELIUM ALONE AS HYPERTROPHY AND AS 

TUMOR : SO-CALLED EPITHELIOMA. 

Common and tumorous hypertrophies, or hyperplasise of epithelium alone 
occur not infrequently, and with manifold transitions into one another. 
The longest known are those in the skin, where they are also purest, i.e ., 
without combination with other tissues, and where a number of them are 
consequent upon oft-repeated irritations of the portion of skin affected. 

The mode of origin of epithelia in cases belonging here is not yet known. And yet 
there occur in the middle, more rarely in the deeper layers of the epithelium, some¬ 
times remarkably large cells, those with two nuclei, and with even still further pro¬ 
cesses of division. (Observations by Eberth, Ranvier, GltOHE, Waldeyer, and 
the author.) 

Hypertrophy of the epidermis 

is met with as indurations or callus, as corns or clavus, as ichthyosis 
and hystricismus, and as many forms of cutaneous horn, cornu cutane- 
um ; in part also as warts (epithelioma papillare). (On the latter see p. 
393.) 


The so-called verruca necrooenica, which occurs on the hands of anatomists 
and their assistants, and is distinguished by its wart-like appearance, its chronicity 
and resistance to means of cure, is, according to Wilks, purely epidermoidal in 
nature. (See p. 369.) 

Lebert (JJeber Keratose, 1864) distinguishes : 

I. Keratosis circumscripta. 1. k. c. epidermica: the horny formation issituated 
on the free surface of the epidermis. 2. K. c. follicularis: the horny formation pro¬ 
ceeds from the cutaneous glands. Varieties of both are furnished by thecomuta (true 
epidermoidal horny formation) and the multiple non-cornuta (wherein one or many 
parts of the body are covered with irregular growths of homy substance). II. 
Keratosis diffusa. 1. k. d. follicularis: larger regions of the body, even the whole 
body, are covered by horny forms, which in adults commonly proceed from the sebace¬ 
ous glands, but in the foetus also flom the sweat-glands and hair-follicles, 2. k. d. 
epidermica (ichthyosis, hystricismus of the authors): the horny growth proceeds 
especially from the epidermis proper and the stratum Malpighi, but the sebaceous 
glands, sweat glands and hair-follicles also share in it. Varieties of both diffuse 
keratoses are : K. la)vis (a smoother, uniform thickening), k. nigosa (a more irregular, 
constantly separating, with rough, fissured surface), and the K. luxurians (of luxuri¬ 
ous growth with very large, very differently shaped horny scales). The diffuse kera¬ 
toses are either intra-uterine, congenital or extra-uterine, acquired. 

Harpeck {Tfcich.'s und Dubois' Arch., 1862, p. 393) describes the skin of a calf 
bom with ICHTHYOSIS CORNEA. 

A considerable thickening of the stratum lucidum is met with in the first stage of 
epithelial cancer, in papillomata, and condylomata ; on mucous membranes, which 
are dried by the atmospheric air (SciiRON, ll. Morg., VII., 1865). I find them 
under many other conditions, where a stronger pressure is exerted on the neighbor¬ 
ing structures (epithelial haemorrhages, healing variola, etc.). Clavus, according to 
Sciir >N is an excessive development of the stratum lucidum with consecutive 
atrophy of the sweat-glands and epidermis; in its vicin'ty is found hypertrophy of 
the papillae, enlargement of the sweat-glauds and thickening of the epidermis. By 
the covering of this epidermis over the callus, the latter may be buried into the 
cutis. 

According to Beigel (Virch. Arch., 1868, XLTV., p. 418) abnormal develop¬ 
ment of hair is found in man, under three forms : 1. the hairs already long in the 
normal state become extraordinarily long; 2. hairs more or less long are developed 
in certain parts of the body of persons, on whom in these parts there grows normally 
only down (beard in children and women, etc.) ; 3. the down scarcely visible in the 
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normal state is developed into more or less long hairs : so-called hypertrichosis uni 
versalis. A true, hyperplasia of hairs is found in hairy mother’s marks (Rind- 
fleisch). 

Hypertrophy of the epithelium of mucous membranes 
occurs as thickening of the epithelial layer of some mucous membranes 
with multilaminar pavement epithelium (filiform papillae of the tongue, 
other parts of the mucous membrane of the mouth, vocal cords, urinary 
bladder), sometimes simultaneously with the same thickening of the epithe¬ 
lium of the skin. 

Hypertrophy of gland-cells 

occurs partly as common increase of size (hypertrophy proper), partly as 
increase of number (so-called hyperplasia). Both conditions occur some¬ 
times singly, sometimes by side of one another in the same gland. Accurate 
histological investigations are wanting. 

In the glands of the skin, it is found in so-called milium and in ath¬ 
eroma, also in form of so-called epidermis-pearls, i.e., accumulations of 
concentrically arranged epithelia in dilated glands or hair-follicles. 

An hypertrophy of mucous glands, which consists in enlargement of 
the old acini and the formation of new ones, occurs sometimes with chronic 
catarrh of the mucous membranes, so that the excretory gland-ducts and 
the glands themselves become larger. Sometimes it is found with simul¬ 
taneous colloid metamorphosis of the gland-cells, as in the upper and under 
lips ; it forms simple or compound tumors, of the size of a pea to that of a 
walnut. The so-called hypertrophy of the mucous glands of the soft palate 
probably also belong here: the tumors reach the size of a walnut to that 
of a hen’s egg. 

An hypertrophy of the saccular glands of the stomach and intestinal 
canal occurs in many cases of chronic catarrh, especially with simultane¬ 
ous dilatation and elongation of the stomach and intestine. 

See the exquisite case by Barth (Arch. d. Heilk ., XI., p. 119). 

In the liver, hypertrophy of the cells of some lobules is found some¬ 
times in the vicinity of cicatrices, etc., thus as it were compensatory ; gen¬ 
eral after mechanical hypersemia, in leucocythsemia, diabetes, without known 
cause. 

In the kidneys, it occurs on both sides in habitual drunkards, diabetics, 
on one side from arrested function, in or loss of the other kidney. 

According to Perl ( Virch . Arch ., 1872, LVI., p. 305), in the physiological 
growth of the kidneys most of the formed elements important with respect to func¬ 
tion do not increase, the physiological growth is essentially after the type of the 
hyperplasiae. In compensatory hypertrophy of the kidneys, however, there is found 
a true hypertrophy and a more or less considerable dilatation of the spiral urinary 
tubuli with increase in size of their epithelium; the straight tubes and their epithe¬ 
lium do not increase in size, the Malpighian bodies not demonstrably so. Probably 
connected with this true hypertrophy is also a new-formation of glandular tissue 
and bloodvessels. 

2. NEW-FORMATION OF EPITHELIUM AND OF VASCULAR CONNECTIVE TISSUE 

AT THE SAME TIME. 

The new-formation of epithelium and (for the most part) of vascular 
connective tissue at the same time, occurs under very different forms: 
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NEW-FORMATION OF SKIN, ETC. 

sometimes as regeneration of wounded skin and mucous membranes, some¬ 
times as hypertrophy, sometimes in form of circumscribed or diffuse tumors, 
which either remain local or become metastatic. The epithelium and con¬ 
nective tissue show in the various new-formations the most manifold pro¬ 
portions : for the most part the former preponderates over the latter in 
high degree. The epithelium is therein probably always first present, the 
connective tissue new-formation and the for the most part simultaneously 
present new-formation of vessels are secondary. 

New-formation of skin 

occurs : as regeneration of it after wounds and losses of substance chiefly 
(see healing of wounds : p. 377); in various diseases of the skin as so-called 
hypertrophy (elephantiasis, soft warts or naevus, tumor of the folds of the 
skin); very rarely on mucous membranes (so-called dermoid metamorpho¬ 
sis—see p. 4G7); in dermoid cysts {vide infra). 

New-formed skin sometimes shows the same layers as normal skin : epidermis, 
rete Malpighi, corium (with the so-called pars papillaris and the pars reticularis) and 
subcutaneous cellular tissue, usually with the panniculus adiposus. But at other 
times, a so strict separation at least of the deeper layers does not occur. The vas¬ 
cular papillae are regenerated from the papillae of the skin. After deep injuries of 
the skin the cicatrix remains without pigment and papillae (without glands and 
hairs). 

TniERSCil found the upper limiting surface of the granulations in chronic ulcers of 
the leg, translucent, poor in cells, non-vascular, the cell-nuclei elongated, the inter¬ 
cellular substance fibrous. From that transparent layer proceeds the hyaline limit¬ 
ing membrane, which separates the young epithelium of the vascular stroma. The 
re-formation of cutaneous papillae Tn. derives from the mode of origin and history 
of the vessels of the granulations: in the granulation-tissue some perpendicular 
vessels are more strongly developed and these persist, while those of weaker devel¬ 
opment, lying obliquely or horizontally, likewise undergo atrophy with the disappear¬ 
ance of the rest of the granulation-tissue. 


New-formation of mucous membrane 
occurs under similar conditions as that of the skin. A complete regenera¬ 
tion of destroyed-portions of mucous membrane (by injury, ulceration, etc.) 
probably does not take place. 

Physiologically, the changes of the uterine mucous membrane during menstru¬ 
ation and pregnancy are worthy of note. During menstruation the mucous mem¬ 
brane really increases, thickens to the extent of from 2 to 4, even 6 mm., in its 
prominent folds from 10 to 12 mm., becomes softer and shows, besides the strongly- 
developed glands, many young, round, and spindle-shaped cells in its tissue (Kolli- 
ker). 

On the question, whether after birth the remains of the decidua remain or not on 
the inner surface of the body of the uterus, there have been for a long time two oppo¬ 
site views : the one is represented by W. Hunter (Anat. Descr. of the Hum. Grnv. 
Uterus , 1769), Virchow (Verb. d. Geburt.sk. Ges. zu Berlin , 1847, III., p. XVII.), 
Colin (Et. sur la surf. int. de r uterus apres V accouchement, 1847), Coste, Robin and 
others; the other by Cruveiliiier (Anat. pat hoi., Livr. XIII.), Arnold, Heschl, 
Kolliker and others. According to Fiuedlander (Physiol.-anat. Unters. ub. 
d. Uterus, 1870), the decidua at the end of pregnancy consists of two layers, an in¬ 
ternal cellular layer, the essential nature of which is that of connective tissue, 
and an external glandular layer. By the separation of the decidua during birth only 
the internal portion of the cellular layer is removed, its external layer, besides the 
whole glandular layer, remains after birth in the uterus. Very soon after birth the 
portions of the cellular layer remaining behind are destroyed by fatty degeneration, 
the glands thereby become free, open, and sometimes unite, especially through 
fatty destruction of the intermediate connective tissue, thereby forming a continuous 
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epithelial covering over the whole inner surface of the uterus. In place of the de¬ 
stroyed connective tissue elements, young forms arise through active growth. 

The so-called DYSMENORRIICEA MEMBRANACEA consists in this, that in menstrua¬ 
tion the mucous membrane is thrown off, comes with the menstrual blood to the 
exterior, and is completely regenerated by the time of the next menstruation. Ac¬ 
cording to Hausmann (Msehr. f. Geburtsk ., 18(58, XXXI., p. 1), this process, 
until now regarded as disturbance of menstruation, is always the result of sexual 
intercourse and never occurs in maidens. It is an abortion of the first days and 
weeks, in which after the destruction or passing away of the foetus, the uterine 
mucous membrane metamorphosed into decidua, is thrown off with pains. The 
abortion appears preferably at time of menstruation. Hegar and Maier ( Virch. 
Arch., 1871, LIL, p. 101 j dispute this view. 

New-formation of dentine 

occurs in various forms in normal teeth, also as supernumerary teeth of the 
alveoli anil in many dermoid cysts. 

According to Wedl ( Wbl. d. Ztschr . d. Wien. Aerzte, 1868, No. 52), new layers of 
dentine are formed on the internal surface of the dentine until late in life. 

Very rarely broken teeth heal by formation of callus. In the callus, dentine is 
found near the surface of fracture, dentine as a central layer and globular masses of 
varying size here and there distributed in it (Wedl). 

Mitsciierlicii (Arch, f Min. C'hir. , 1868. IV., p. 875) has practised re-plantation, 
as well as transplantation of teeth of the living and of dead teeth. In some cases 
there probably occurs a true healing of a re- or transplanted tooth, so that new 
vessels and nerves really penetrate into the tooth. Healing for the most part suc¬ 
ceeds only when the periosteum of the alveolus is wholly or nearly entirely preserved. 
The periosteum by constant pressure seems to effect a partial resorption of the tooth, 
and, by the deposit of bony masses from the swollen soft substance, the tooth is 
made fast. 

From tumors proper of the teeth, DENTAL OSTEOMATA, are to be sharply defined 
retained teeth and tumors, which are developed from the surrounding bones, either 
from the alveolus (alveolar exostoses), or from the interior of the bone as well 
as especially in teeth retained deeply in the alveolus. Dental osteoma proceeds, 
either from a formation of new cementum from the membrane of the root, and then 
covers the roots to a large extent, or forms small exostoses (dental exostosis in the 
narrower sense); or it is represented for the most part by small, globular or hemi¬ 
spherical, enamel-covered hyperplasia of the crown, neck or root (dentes proliferi) ; or 
there is blending of the teeth with each other, sometimes throughout, sometimes 
only at points; or it exists as odontoma, i.e., formed from dentine proper. (Vir¬ 
chow, Die krkh. Gesc/nc., II., p. 58.) Consult also Albrecht, Klin, de Mund- 
krankh. 2. H. 1872, p. 1. 

New-formation of skin with sebaceous and sweat-glands. 

A complete regeneration has not yet been certainly observed, but 
seems to be possible if only the uppermost portions of these glands lying in 
the epithelium has been destroyed. 

Hypertrophies of the skin and of the sebaceous and sweat-glands 
occur in some cutaneous diseases. 

An enlargement of sweat-glands, especially a dilatation of their lumen, has not 
infrequently been observed, e.g. , in elephantiasis Gracorum. in many soft warts. 
The same enlargement of the glandular pouch with fatty degeneration of the glandu¬ 
lar epithelium (as well as the latter without enlargement), has its origin, according 
to Virchow, in the copious sweating of those affected with, e.g. , phthisis. 

New-formation of skin with sebaceous and sweat-glands, rarely only with 
the latter, occurs in the wall of many cysts (see Dermoid cysts). 

New-formation of mucous membrane and of its glands. 

Regeneration is not certainly known. 
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Tumorous hypertrophy forms the so-called mucous polypi of most mu¬ 
cous membranes. 

New-formation of glandular tissue. 

Heschl, Ztschr. d. Ges. d. Wien. Aerzte , 1852.— Rokitansky, Sitzungsber. d. 
Wien. Acad., 1853; Ztschr. d. Ges. d. Wien. Aerzte, I860.— Birkett, Guy's IIosp. 
Rep., 1855.— Rohin, Gaz. wed. de Paris , 1855.—E. Wagner, Schmidt's Jahrb ., 1859, 
CIII., p. 92 ; Arch. d. Heilk. , II., p. 473; XI., p. 44. 


Regeneration of glandular tissue (cells and stroma) is not yet known. 

Hypertrophy, or hyperplasia of glandular tissue, or of whole 
glands, consists either only in an enlargement, or also in an increase of the 
gland-cells (see p. 4G9) ; or, at the same time, also in a proportional increase 
of the vascular stroma of the glands, in such manner that the new-formed 
glandular tissue agrees essentially with the normal, and has the same 
function. Physiologically this process is met with in the development, 
and especially in the so-called hypertrophy from lactation of the lacteal 
glands during pregnancy. In the ovaries there occurs, in the physiological 
state, a continuous new-formation of the so-called Graafian follicles until 
the climacteric period. Pathologically, a similar hypertrophy takes place 
in the mamma, sometimes during uterine disease, and under unknown con¬ 
ditions. Also here belong the not yet accurately histologically investigated 
cases of so-called hypertrophy of one organ in atrophy or consumption of 
the other, hypertrophy of the left lobe of the liver in atrophy of the right, 
hypertrophy of single acini, perhaps even new-formation of these in the 
vicinity of cicatrices. (See also p. 4G9.) 

In the absence, congenital or acquired, of one kidney, the other is found almost 
always more or less enlarged. The investigations relative to this, of Valentin, 
Rokitansky, Beckmann, and others, recently of Rosensi’kin ( Virch. Arch., 1871, 
LIII., p. 141), have afforded no determined results on the histological character of 
such kidneys. The increase of function of enlarged kidneys acts in a wholly com¬ 
pensatory manner, as well with respect to the excretion of urine as to that of 
urea.—See also Rayer, Tr. d. mat. d. reins., III., p. 762. Simon, Chirurgie der 
Nieren, 1872. 


Tumorous new-formation of glandular tissue, adenoma. 

Adenoma forms sharply, and usually, as it were, encapsuled, defined knots 
of varying size, rarely partially connected with the original organ, and, 
according to the kind of gland, of varying color, consistence, etc., and 
which for the most part penetrate the surrounding textures, and more 
rarely partly supplant them. The glandular tissue rarely forms a subordi¬ 
nate, usually the chief element. 

The genesis of new-formed glandular tissue is in most cases the same as 
that of the normal. Sometimes there takes place only an enlargement of 
the gland-cells and the smallest divisions (follicles, acini, etc.). At other 
times, the gland-cells increase by repeated division : thereby either the 
smallest division of the gland becomes uniformly larger; or there arise 
bud-like, at first solid out-growtlis or processes, which grow into the sur¬ 
rounding connective tissue, again to form new growths, and often at the 
same time to ramify. These processes sometimes later become hollow, and 
thus receive a gland-like lumen, but more often they continue solid. In 
their periphery they are sometimes covered with a tunica propria. (Like 
the glandular epithelium, so also probably may the epithelium of the af¬ 
fected skin or mucous membrane project adenomata into the corium by 
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growth of its lowest epithelia.) Connective tissue and vessels are developed 
in a corresponding proportion to the normal organ. Later, these tumors 
remain in connection with the old gland; or they are completely isolated 
from it. The latter takes place, sometimes through independent atrophy of 
some parts, sometimes through the simultaneous growth in the usual way of 
the surrounding connective tissue. 

Many assume also a new-formation of glandular tissue from connective tissue. 
The connective-tissue corpuscles in the vicinity of the glands divide, and the indif¬ 
ferent round cells thus arising are metamorphosed partly into epithelial, or glandular 
cells, with their characteristic arrangement, partly into connective tissue. 

The function of new-formed glandular tissue rarely agrees perfectly with 
that of the normal glands: it for the most part has no function. This is 
especially true of probably all tumorous adenomata, which, with the mother- 
tissue and bordering tissues, behave like other tumors. They are of them¬ 
selves benign new-formations, which after complete extirpation, for the 
most part do not return. But many have a tendency to pass into cancerous 
forms. 

The cases of glandular new-formation, which depend on the foetal period, as the 
thymus gland, lienes accexsorii , supra-renal capsules, the occurrence of hepatic sub¬ 
stance within the liver (Rokitansky, Wien. allg. med. Ztschr., 1859, p. 98), as well 
as in the liyamentum suspensorium (the author, Arch. d. Ileilk., II., p. 471), etc., do 
not belong here. With respect to most adenomata, it is undetermined whether they 
originate during the foetal period and are further developed only at a later age. 

The group of the adenomata is less sharply defined than that of most 
other new-formations. There exist not only manifold transitions between 
glandular hypertrophies and glandular tumors, but the former are often 
with difficulty distinguished from many inflammatory swellings, and the 
latter not infrequently show transition-forms to epithelial cancer. 

The anatomical and histological structure of adenomata is often deter¬ 
mined with difficulty, not only on account of the above-mentioned transition- 
forms, but also on account of the changes not infrequently occurring in 
them, or in the neighboring structures. These consist in disturbances of 
the circulation, especially haemorrhages and oedema, in metamorphoses, 
like the fatty, mucous, and especially the colloid, as well as in new-forma¬ 
tions of papillary connective tissue, which grow from the neighboring struc¬ 
tures into the new-formed glandular tissue, and thereby may produce the 
most confused macroscopical and microscopical forms, which hardly permit 
the forming of a conclusion. Finally, new-formed glandular tissue shows 
an especial tendency to cyst-formation. 

General, as well as partial tumorous glandular new-formations, have been 
observed especially in the compound racemose glands, most often in the 
female mammae, as well as in the prostate and thyroid glands, adenomata, 
especially in the skin and in the mucous membranes. 

Adenomata of the skin 

form diffuse or circumscribed tumors, of a size varying to that of an egg 
and larger, over which the skin is at first but little changed, but later is 
often ulcerated: adenoma sudoripakum and ad. sebaceum. In both 
cases, they consist of glandular pouches, whose size, ramification, epithelium, 
etc., makes their origin from sweat-, or sebaceous glands probable, and 
from the varying (in quantity) intermediate vascular connective tissue. 
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Remak, Deutsche Klin., 1854, No. 10. —Forster, AM d. p. Anat., Taf. XXIII., 
Figs. 1-4. —Lotzbkck, Virch. Arch., XVI., p. 100. — Verneuil, Arch, gen., 1854, p. 
447. —Thierfei/der, Arch. d. lleilk., XI., p. 401. 

(On Rindpleisch’s view, that lupus is an adenoma of the sebaceous and sweat- 
glands, see p. 438.) 

Adenomata of mucous membranes 

occur partly as hypertrophies of the glands of mucous membranes, which in 
many cases form sharply circumscribed cyst-like tumors (see p. 469) ; in 
part they are found simultaneously with stronger new-formation of vascular 
connective tissue in form of the so-called mucous polypi. 

Mucous polypi are for the most part broad, rarely small pedicled, round 
or oval, simple or irregular, lobed, etc., forms of a size varying from that of 
a bean to that of a hen’s egg and larger, whose surface on the whole resem¬ 
bles that of the mucous membrane, and affords for the most part a distinct 
mucous character, while the cut surface is of a more or less fibrous texture, 
and is commonly rich in blood. These tumors owe their names to the 
mucous glands found on their surface and within, and to a large extent 
opening on the former. The latter are found in varying, for the most part 
large numbers ; they are more rarely simple, more often compound, pouched, 
and irregularly racemose, essentially similar to the normal mucous glands. 
The surface of the polypi is generally covered with the same epithelium, 
which belongs to the mucous membrane; on the polypi, or parts of them 
lying externally (aural and rectal polypi), it becomes lamellar. The mass 
of the polypi consists for the most part of very vascular, sometimes nerve- 
bearing connective tissue, which on the surface not infrequently forms 
numerous papillae. The interior of the polypi shows, besides the glands, 
almost constantly various numerous, for the most part small, round, serous 
or mucous cysts, sometimes so extended that the polyp loses its glandular or 
mucous character, and becomes a so-called cystic or vesicular polypus. 

The glands of mucous polypi arise by a turning in of the epithelium of the sur¬ 
face of the polypus, as is the case in similar glands in the embryo and in childhood. 
Their enlargement takes place in the same manner by turning out, etc., of the at 
first pouch-like forms. Many polypi of the gastric mucous membrane depend upon an 
elongation and dilatation of the peptic glands (Forster). 

Mucous polypi occur on almost all mucous membranes: most often in the 
nasal, naso-pharyngeal cavities, rectum, and uterus. 

The consequences of mucous polypi depend especially upon their 
volume, and upon their relations with the canal lined by the mucous mem¬ 
brane, upon their position and the possibility of a change of position 
(especially with polypi with small pedicles), upon their nearness to the 
surface of the body, upon their vascularity, upon the changes of their 
parenchyma, upon the irritation which they exercise on the affected mu¬ 
cous membrane. Polypi are therefore sometimes entirely devoid of symp¬ 
toms (small or of medium size, even very large polypi in large channels 
lined by mucous membrane, e.g., the stomach); sometimes they give rise 
to lasting or transient contractions and obstructions of the channel (espe¬ 
cially polypi of the mucous membrane of the air-passages), which under vari¬ 
ous circumstances are increased or diminished (damp weather, exacerbations 
of catarrh of the mucous membrane, etc.). If they are situated near the 
surface of the body on a movable mucous membrane, they appear from time 
to time or are always present on the former, give rise to tenesmus and 
similar sensations, prolapsus of the mucous membrane; under the same 
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conditions, or also spontaneously, they give rise to haemorrhages of varying 
importance, even endangering health and life. Almost all keep up chronic 
catarrhs of the affected mucous membrane, which, after removal of the 
polypi, for the most pax’t quickly disappear, and in consequence of it there 
are frequently formed hypertrophies of the mucous membrane alone or of 
the whole organ. 

Billroth, Ueb. d. Ban d. Schleimpolypen., 1855. 

Adenomata of compound racemose glands, 
especially of the mamma and parotid, form tumors of varying size, for the 
most part circumscribed, rounded, and usually easily enucleated. They 
consist of rounded or elongated bodies, like vesicular glands, but for the 
most part, larger and more irregularly formed, with a peripheral homoge¬ 
neous membrane and nucleated cells on their internal surface arranged 
like epithelium, with or without a central space, indicated as a gland- 
lumen. These vesicular glands, for the most part arranged in groups, lie 
in a soft proportionately abundant connective tissue ; they however are, for 
the most part connected by new-formed ducts, and are not in demonstrable 
connection with the mother-gland. In general these tumors ai*e grayish- 
red or dark red, fleshy and glandular, and permeated by connective tissue 
cords variously arranged, with scanty or abundant, mostly mucous juice. 
The further gross anatomical properties vary in a manifold manner, 
according as the tumor takes possession of only one or several lobes of the 
glands or their whole extent (partial and genei-al glandular tumor), accord¬ 
ing to size, form, connection, etc., of the new-formed vesicular glands, 
according to their further metamorphoses (cyst-formation, tuberculization, 
etc.), according to their number (pure or fibroid glandular tumor) and kind 
(fibrous tissue or mucous or cartilaginous or sarcomatous tissue) of the 
new-formed tissue serving as stroma, according to the behavior of the fatty 
tissue, which sometimes increases greatly, according to the behavior of the 
gland-ducts (often dilatation of them, sometimes transformation into cyst¬ 
like spaces and the origin of papillary and other growths of varying struct¬ 
ure on their internal surface : cysto-sarcoma simplex, phyllodes, pro- 
liferum, etc.). 

A similar hypertrophy affecting all or only a portion of the glands occurs in rare 
cases also in the pancreas. Becker ( (Estr. Jahrb ., 1867, p. 17) describes in full 
detail an adenoma of the lachrymal glands. 

A cystomatous adenoma of the pituitary body of the size of a walnut was ob¬ 
served by W. Muller (Beob. d. path. Inst, zu Jena, 1871, p. 425). 

Adenomata of the prostate gland 
consists sometimes in a general, sometimes, especially in advanced age, also 
in a partial hypertrophy. The latter is represented as a new-formation of 
for the most part sharply circumscribed and easily enucleated, broad or 
polypous tumors of a varying size, to that of a cherry and larger, lying in 
the interior of the gland or on its surface, in the latter case especially fre¬ 
quent in the cavity of the bladder. These have a structure quite analogous 
to that of the normal prostate, but without connection with its excretory 
uccts: the glandular tissue shows in comparison with the connective or 
muscular tissue a for the most part only scanty increase. Like the normal 
gland, they often become the seat of the development of amyloid and 
colloid bodies and so-called prostatic concretions. Glandular tumor of the 
prostate, in its larger volume and unfavorable location, is followed by 
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stricture of tlie neck of the bladder, and thereby catarrh of the mucous 
membrane, hypertrophy of the muscular coat, etc. 

Adenomata of the liver 

occur in two different forms : in both are found pale brown and soft 
knots, which vary in size, are very small (miliary) or reach a diameter 
of 5 cent., separable from the surrounding tissues and compressing them, 
which knots not infrequently occur singly or in small numbers, and are 
accidentally found after death from other causes, while they are more 
numerous in other and rarer cases, behave like cancer of the liver, and are 
the essential cause of death. The first form is probably congenital or has 
already existed for a long time, while the latter is of more recent date and 
still shows processes of growth. 


According to ItiNDFLEiscii and others, the process of formation is as follows : 
the hepatic cells of a part become curved, and thus form a globular space, and then 
push forward shoots. The new-formed cells often become cylindrical and are 
arranged after the manner of compound saccular glands, with or without lumen. 
About the tumor there then arises a connective tissue envelope. The surrounding 
hepatic tissue is compressed. The adenomata may later undergo fatty degeneration, 
their capsule may suppurate, etc. 

Griesinger and Rindfleiscii, Arch. d. Heilk ., V., p. 385 et 395.— Friedreich, 
Virch. Arch... XXXIII., p. 48.— Eberth, lb.. XLIII., p. 1.—WiLLiGK, lb ., LI., p. 208 
(assumes the origin of hepatic adenomata from colorless blood-corpuscles) 

Hypertrophies and adenomata of the thyroid gland 

occur in many forms: 1, as dilatation of the original glandular vesicles, 
which affects the whole thyroid gland uniformly or some lobules chiefly, 
for the most part with colloid degeneration (so-called simple goitre) ; 2, 
as new-formation of glandular elements, increase of glandular follicles (so- 
called hypertrophic goitre), occurring for the most part simultaneously 
with the first form. There arise rounded tumors (so-called goitrous knots) 
from the size of a pea to that of a walnut and larger, which are separated 
by a connective tissue capsule from the normal gland and may finally 
induce atrophy even in these; development of new rounded thyroid 
gland bodies of the size of a pea, bean or hazel-nut near the thyroid gland 
(accessory glands)—probably for the most part congenital. The new-for¬ 
mation of all these forms proceeds from the glandular epithelium. This 
grows at one point and forms a protrusion of the gland-membrane, which 
gradually becomes larger and then is separated by constriction. 


Two cases of congenital adenoma of the thyroid gland are described by W. Muller 
(1. c., p. 454). 

New-formed glandular tissue becomes affected in the same manner, and quite as 
frequently as the normal: hyperasmia, inflammation, haemorrhage, colloid, fatty 
and chalky metamorphoses occur near, and in the new-formed masses, and give 
rise to very different forms, which often represent the enlarged thyroid gland. 

Adenomata of the testicles, kidneys, etc., 

also probably occur, but as yet are unknown, or have been confused with 
epithelial cancers of those organs. 

Ovarian cysts and cystoids likewise belong in part to the adenomata: 
so-called myxoid or colloid cystomata. While, according to many, they 
arise from connective tissue, others have shown with certainty their epithe¬ 
lial origin. They proceed from the rounded or elongated saccular epithe- 
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lial masses, which form the processes of the Graafian follicles. They remain 
in part glandular, in part there arise cysts, through transudation from the 
bloodvessels and through cell-metamorphosis. 


XIII. CANCER OR CARCINOMA. 

(Epithelial cancer, and endothelial cancer. Connective-tissue cancer.) 

Burns, Diss. on Lift., 1800, II.; Prine. of Surg., 1838, I.— Abernetiiy, Surg. 
Works, 1811, II.— Bayle et Cayol, art. Cancer in Diet. d. sc. med., 1812. —L.ennec, 
art. Encephabide in Diet. d. sc. med., 1812.— Otto, Seltene Beob., 1816, I., p. 119; 
1824, II., p. 108.— Dupuytren, Consid. gener. sur le cancer, 1817.— Wardrop. 
Obs. on Fung. Heemat., 1809.— Maunoir, Mem. sur les fong. med. ethemat., 1820. 
—Baring, Ueb. den Marksclmamm des Hodens, 1833. —Scarpa, Sutto scirro e sid 
ennero, 182U-— Carswell, art. Scirrhus in Forbes' Cyclop, of Pract. Med., 1833.— 
Hannover, Mutt's Arch. Jhrber. f. 1843 ; Das Epithelioma, 1852. — J. Mitli.er, 
Ueb. d. fein. Bauund. die Formen der krkh. Geschio., 1838; Arch., 1843, p. 438.— 
Ecker, Arch. f. phys. lie ilk., 1844, p. 380.— Lebkrt, Mull's Arch., 1844; Phys. 
path., 1845, II.; Virch. Arch., IV., p. 192; Traite prat, des maladies cancereuses, 
1851.— Mayor, Bull, de la soc. anat., 1844. p. 218; Rech. sur. les turn, epiderm., 
1846.— Bibra, Arch. f.phys. Heilk., 1846.— Rokitansky, Hdb. d. path, Anat., 1846, I. 
Ueb. d. Entrn. der Krebsgeruste, Sitzungsber. d, Wien. Acad,, 1852 ; Ueb. d. Zotterikrebs, 
Ibid.; Ueb. d. Gallertkrebs, Ibid .— Walshe, Nature and Treatm. of Cancer, 1846.— 
Brucu, Die Diagnose der bbsartigen Geschio., 1847; Ztschr. f. rat. Med., 1849, 
VII.; Arch. f. phys. Heilk., XIV. — Reinhardt, Virch. Arch., 1847, I., p. 528; 
Ann. d. Char., II., p. 1. —Bennett, On Cancerous and Cancroid Growths, 1849.— 
Frericiis, Jenaische Annalen, 1849.— Virchow, Wurzb. Verb., 1850, I., p. 106; 
Arch., I., p. 94; III., p. 22; XI., p. 89; Gaz. med. de Paris, 1855, p. 211.— 
Fuhrer, Deutsche klin., 1851, No. 34; Virch. Arch., IV., p. 584.— Bidder, Midi.'s 
Arch., 1852, p. 178.— Broca, Mem. del'acad.franc., 1852, XVI.— Gerlach, Der Zot- 
tenkrebs, 1852.— Redfern, Monthly Journ., 1850.— Remak, Deutsche IClin., 1854.— 
Sciiroder van der Kolk, Nederl. lane., 1853.—E. Wagner, Arch, f. phys. Heilk., 
1858, p. 153; 1859, p. 306; Arch. d. Heilk.. I., p. 157; III., p. 143; Der Gebiir- 
mutterkrebs, 1858.— Schuh, Drag. Vjschr., 1851.— Kohler, Die Krebs- und 
Scheinkrebskrankh., 1853.— Demme, Schweiz. Monatschr., 1858, III.— Forster, 
Virch. Arch., 1858, XIV., p. 91 ; Wurzb. Ztschr., IV., p. 317 ; Hdb. d. path. 
Anat., I., p. 388.— Billroth, Virch. Arch., 1860, XVIII., p. 82; Arch. f. klin. 
Chir., VII., p. 860.— Eiselt, Pray. Vjschr., 1862, LXX. et LXXVI.— Thiersch, 
DerEpithelialkrebs nam. der Haul., 1865.— Waldeyer, Virch. Arch., 1837, XLI., p. 
470; 1872, LV., p. 67.— Koster, Die Entw. d. Carcin., etc., 1869. 

(Consult besides the text-books of pathological anatomy and surgery.) 


Cancer is a term applied to a new-formation occurring as a tumor or 
infiltration in almost all tissues and organs, and which is diffuse, single or 
multiple, very rarely acute, for the most part chronic, of varying size, 
form, color, consistence, etc. It consists essentially of cells, which in size, 
form, partly also in arrangement, etc., are like, or similar to other physiolo¬ 
gical cells (epithelial and gland-cells, endothelial cells, colorless blood cor¬ 
puscles), but especially through their number and metamorphoses are 
followed by destruction of affected parts of the organ, and finally, almost 
always by that of the organ itself. After extirpation cancer usually 
returns. 

The synonyms of cancer are extraordinarily numerous. They concern least its 
special forms and metamorphoses (e.g., scirrhus, fibrous cancer, medullary cancer, 
epithelial cancer, cellular cancer, gelatiniform cancer, alveolar cancer, reticulated 
cancer, carcinoma melanodes, hsematodes, etc.); for the most part they relate to the 
various theories on the origin and nature of cancer (e.g., besides a number of the 
synonyms already given, spongoid inflammation, fungus medullaris, medullary sarco¬ 
ma, encephaloid, matiere cerebriforme, milk-like tumor, galactomyces, etc.). 
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FORMS OF CANCER. 


The above definition of cancer is partly pathologico-anatomical, partly 
clinical. By their essential elements, especially by the form and arrange¬ 
ment of their cells, as well as by the origin of the latter, cancers are distin¬ 
guished as epit helial cancers, connective-tissue cancers, and endothelial can¬ 
cers. 

Epithelial cancer, in the broader sense, consists of cells arranged like 
epithelium in distinct, and for the most part comparatively large aveoli, 
which cells, with respect to their situation and origin, are more or less 
similar to those of the epithelium of the skin or of the laminated pavement 
epithelium, of the cylindrical epithelium, or of the epithelium of many true 
glands. These cells are immediate descendants of the epithelium of the 
skin, mucous membranes, or glands ; they arise either by a growth of the 
elements of these into the surrounding, for the most part connective tissue, 
textures. Connective-tissue cancer consists of round or rounded, for the 
most part smaller cells, not arranged like epithelium.' These arise from 
the connective-tissue corpuscles or of the tissues analogous to it. 

Epithelial cancer proceeds from forms of the upper and lower germinal 
layer, and therefore belongs to the series of new-formations of true epithe¬ 
lium, of the formations of adenomata and many cysts. Connective-tissue 
cancer, on the other hand, arises from forms of the middle germinal layer, 
especially of common connective tissue, and thus is ranged with the forma¬ 
tion of sarcoma, glioma, etc. 

Intermediate between epithelial and connective-tissue cancers stands en¬ 
dothelial cancer. In all essential properties it resembles epithelial cancer, 
but arises from endothelial cells, thus from forms of the middle germinal 
layer. 

Epithelial and endothelial cancers are in general atypical epi- and endo¬ 
thelial tumors, connective-tissue cancers are atypical connective-tissue 
TUMORS. 

Since with the exception of the kind, arrangement, and origin of the cells, the 
remaining anatomical and clinical properties of the three chief forms of cancer essen¬ 
tially agree, and since the above division cannot yet be extended to some tumors, 
and is not accepted by many, we will treat of the general anatomico-pathological 
and clinical properties of both forms of cancer together. 

For the same reasons, as well as on account of the especially conspicuous malignity 
of cancerous new-formations, we regard cancer as a special form of tumor. Brief 
mention has already been made of connective-tissue cancer in the consideration of 
heterologous new-formations of connective tissue (p. 43!)), of epithelial cancer in 
that of epithelium (p. 470), of endothelial cancer in that of endothelium (p. 304). 

Cancer affects all tissues, with the exception of cartilage, the internal 
and middle coats of the arteries, and all organs, in very varying frecpiency. 
In general, the following order of frequency holds good with respect to 
the seat of cancer : most often the lymph-glands, female mammae, uterus 
with the vagina, lower lip, liver, stomach, oesophagus, serous membranes; 
more rarely the lungs, various portions of the skin, intestinal canal, veins 
and lymphatic vessels, bones, brain and its meninges, eye, kidneys, supra¬ 
renal capsules, testicles, tongue; most rarely the urinary bladder, ovaries, 
muscles, air-passages, salivary glands, tonsils, thyroid gland, spinal cord, 
spleen. Besides, cancer shows an especial preference for certain parts of 
organs: vaginal portion of the uterus, pylorus of the stomach, transition 
points of skin into mucous membrane, lower extremity of the small intes¬ 
tine, caecum, rectum, trigonuiu of the urinary bladder, etc. 

The order of frequency above given of the occurrence of cancer holds good 
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only in an absolute sense. With respect to the frequency of the organ attacked by 
primary and secondary cancer, the scale is about as follows: For primary cancer : 
first, the female mamma, lower half of the uterus with the vagina, lower lip, stomach, 
oesophagus, lvmph-glands ; then the skin, liver, intestines, bones, urinary bladder, 
kidneys, brain and meninges, testicle, the eye; last, the ovaries, lungs, air-passages, 
serous membranes, thyroid gland, salivary glands, lymphatic vessels. For second¬ 
ary cancer : lymph-glands and connective tissue (lymphatic vessels ?) in the vicinity 
of the primary cancer ; the affected serous membranes ; liver and lungs ; skin, mus¬ 
cles, bones, heart; finally, all remaining organs. Most of those organs in which 
primary cancer is especially frequent, show secondary cancer extremely rarely (mam¬ 
ma, uterus, stomach), while in many organs, as the liver and lymph-glands, both 
forms of cancer are of not infrequent occurrence. 

In organs which exist in pairs (mammas, kidneys, testicles, lungs, salivary glands, 
etc.), for the most part only one organ, sometimes later also the other, rarely both 
simultaneously, or soon after one another, become affected by primary cancer. 
Secondary cancer occurs for the most part in both organs of a pair. 

Cancer not infrequently also occurs in other new-formations, especially of connec¬ 
tive tissue (in pseudo-membranes, adhesions and inflammatory thickenings of serous 
membranes, in the cicatricial masses from gastric ulcers, in many new-formations of 
the skin, etc.), in cysts, etc. On the metamorphosis of many new-formations into 
cancer, vide infra. 


Cancer occurs singly or in great numbers. That is especially true of it, 
which was said above (p. 3G5) of primary and secondary or metastatic new- 
formations. In general, epithelial cancer is followed by secondary cancers, 
if we except those of the corresponding lymph-glands, more rarely or for 
the most part in less number than connective-tissue cancer. 

Cancer appears either in form of tumor or infiltration. The latter is 
the case in most primary, the former in most secondary cancers. 

The cancer tumor (cancer swelling, cancer knots, so-called circumscribed 
cancer) is of a size varying from that just perceptible (miliary cancer) to 
that of the head and larger. Its form is regularly round or irregular, 
knotty, branched, etc. Its consistence varies from that of almost bony 
hardness to that of pulpy softness: according to the number of proper can¬ 
cer-cells and the character of the stroma. Hard cancers, without reference 
to structure, are often called scirrhus ; the soft, medullary. Cancer 
knots, especially those which are secondary, appear to the naked eye 
frequently more or less sharply defined; and they can be enucleated, or 
microscopically they show almost always a continuous connection with the 
normal tissues. Only in extremely rare cases is the cancer tumor real ly 
separated from the surrounding textures by a layer of loose connective 
tissue (capsule) free from cancer and easily enucleated. The surrounding 
textures of most cancer knots show a slight compression of the tissues not 
proportionate to the size of the cancer. Cancer, in form of tumor, is found 
especially in the interstitial connective tissue of the most various parts, in 
and beneath the skin and in serous membranes, in the brain, liver, spleen, 
lungs, etc. 

Cancerous infiltration (infiltrated or diffuse cancer) occurs most often 
primarily, in the skin, in mucous membranes and hollow organs (uterus, 
etc.). The affected skin or organ is then to a greater or less extent so 
uniformly permeated by a homogeneous, variously colored mass, often 
yielding a milky juice, that the structure is not at all, or only partly recog¬ 
nizable, and the tissue appears in various degrees thickened. 

The elements of cancer are cancer-juice and a firm substance serving 
as a reservoir or support, the stroma. 

Cancer-juice consists of cancer-cells and a usually scanty, fluid sub¬ 
stance, the intercellular substance, or cancer-serum. The cancer-stroma 
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forms, in epithelial and endothelial cancer, more or less numerous, closed 
or connected cavities, of varying size and form, the so-called alveoli of 
cancer, within which the cancer-cells, at first arranged similarly to gland¬ 
ular cells, are contained ; in villous cancer there are, besides, papillary 
excrescences of varying form, in the periphery of which the cancer-cells lie; 
in connective tissue cancer an irregular, sometimes narrow, sometimes wider 
net-work of for the most part scanty connective-tissue fibres, or of the 
character of reticular connective substance, in the space of which the cancer- 
cells, single, few, rarely many, are found. 


The alveolar structure of cancer was long regarded as especially characteristic. 
This however is not the case. Adenoma also, and many sarcomata and cystomata, 
show an alveolar structure. To draw conclusions from the alveolar texture of new- 
formations, it is almost always necessary to consider the structure of the mother- 
tissue. 

Tiie cells of cancer 

have no specific characteristics. There are only a few points by which 
they may with probability be recognized. These are the comparatively 
considerable number of cells, their frequently large size, their irregular 
shape, which agrees more or less only with a few physiological cells, the 
frequently multiple nuclei and nucleoli, the for the most part considerable 
size of the nucleus, and also of the nucleolus, the arrangement of the 
cells departing more or less from that of those of the textures hitherto 
described. 


A demonstrable intercellular substance is wanting in most cancers; some 
cancer-cells are more or less firmly connected together by a material which is invisi¬ 
ble. In many cancers however there is found a clear, liquid, albuminous or mucous 
substance in for the most part small quantity. It is already present, either in can¬ 
cers examined in the fresh state, or it appears only when the cancers have been sub¬ 
jected to examination a long time after extirpation or after death. In the latter 
case, it is formed as an excretion of the cells, or by metamorphosis of the cell-con¬ 
tents, or by destruction of the cells. 


Melanotic or pigment-cancer, carcinoma melanodes (malignant melan¬ 
osis), is distinguished from common cancers by the gray, grayish-brown, 
brown or deep black coloring of the external or cut surfaces, and by the 
similarly colored juice. This coloring either affects all cancers of the body, 
primary and secondary ; or clear cancers are found with the dark ; or some 
or all knots are partly of the usual color, partly more or less dark colored. 
In many cases, cancers operated on at first were of the usual color ; each of 
those operated on later was darker. Melanotic cancers moreover are some¬ 
times connective-tissue cancers, sometimes epithelial. Their primary seat 
is sometimes only those parts in which is found physiological or pathologi¬ 
cal pigment ; most often the eye, the eyelids, the external previously nor¬ 
mal skin or skin ( f marks,” or cicatrices resulting from extirpation. Second¬ 
ary cancers are for the most part very numerous, and sometimes distributed 
over almost all parts of the body, especially the lymph-glands, liver, lungs, 
bones and serous membranes. 


Microscopical investigation shows, besides various numerous uncolored cancer cells, 
others with more or less numerous, brown or black, very small molecules or larger 
granules ; often most of the cells decay, so that only free pigment is visible. The 
stroma is sometimes abundant, sometimes scanty, usually vascular, sometimes color- 
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less, sometimes in various degrees pigmented. The pigment-granules are distributed 
uniformly or in larger or smaller, spindle-shaped cavities. 

In melanotic cancer the cancer-cells receive the coloring matter chiefly from the 
nutritive liquid, like the epithelium of the choroid, the conjunctiva, the cells of the 
rete Malpighi, many ganglion-cells : perhaps in part also from capillary haemorrhages. 
According to R 1 NDFLEI 8 CH (1. c., p. 10(5), a taking up of the dissolved coloring 
matter of the blood takes place from the blood : he found the first traces of pigmen¬ 
tary infiltration in the endothelium of the vessels. 

Melanotic tumors are, according to many, most often sarcomata, according to 
others, carcinomata. Lucre (D. Z. f. Ghir. , 1873, II., p. 199) regards melanoma 
as a tumor sui generis. The pigment-cell is something specific ; it can be an epithe¬ 
lial cell, a connective tissue cell; it sometimes produces carcinoma, sometimes sar¬ 
coma, sometimes mixed tumors (sarco-carcinoma). (See alsop. 316.) 

The stroma or framework of cancer 

is the solid portion of the cancer remaining after separation of the cancer- 
juice (by pencilling, etc.), consisting of connective tissue, and not infre¬ 
quently of the other remaining textures of the mother-organ. 

The quantity of THE stroma varies in a high degree. Only rarely is it so 
abundant, that it forms the by far greatest portion of the cancer, and, in microscopi¬ 
cal examination, shows only few and small alveoli filled with cells: so-called scir- 
kiius, carc. fibrosum. This is the case with many cancers during the whole of 
their existence, in the periphery of many cancers in so-called atrophic cancers. More 
often stroma and cancer-juice are present in almost equal proportions : common 
cancer, carc. fibroso-meduliare. Most often, finally, the cells preponderate over the 
stroma in various degrees : medullary cancer, carc. medullare, cellular can¬ 
cer. This may proceed to so great an extent, that the stroma forms only a very 
subordinate element of the cancer, or seems here and there to be entirely wanting 
(as in many medullary cancers of quick growth and in very old epithelial cancers): 
by subjecting it to water, by microscopical examination, etc., it becomes distinct. 

The stroma of developed cancer consists sometimes of undulating con¬ 
nective tissue witli scanty or abundant connective-tissue corpuscles; some¬ 
times of lion-undulating, indistinctly fibrous or entirely homogeneous con¬ 
nective tissue with for the most part scanty or less developed connective- 
tissue corpuscles, which, for certain distances, may be entirely wanting,— 
so that it resembles atrophic connective tissue. Rarely it consists only or 
chiefly of spindle or round cells, which are connected together like those of 
many sarcomata: carc. sarcomatosum. Very rarely it is more or less 
similar to mucous tissue: carc. myxomatodes. In cancers, which are still 
in the process of development, the stroma consists of the more or less 
atrophic original tissue: thus in fatty tissue of connective tissue with 
atrophic fat-cells, in muscular tissue of atrophic muscular substance, in 
glands of gland-cells, etc. With the further development of the cancer the 
original tissues are often wholly destroyed. The stroma of bone-cancers, of 
many carcinomata situated on the surfaces of bones, rarely of those of soft 
parts, is either true bony substance in form of villous, laminated, etc., osteo¬ 
phytes, or a so-called osteoid substance. 

Cancer with a mucous framework, carcinoma myxomatodes, is chai’ac- 
terized by the stroma, which consists of mucous tissue; the textures 
immediately around the cell-accumulations show often a laminated struc¬ 
ture, whilst the spindle-shaped cells are arranged in concentric circles. The 
cells of the alveoli are for the most part small, albuminous, and form 
rounded or oval masses in the alveoli; they are easily destroyed by fatty 
metamorphosis, so that sometimes the meshes are filled only with fatty 
detritus. The cells of the mucous tissue may be destroyed by fatty meta¬ 
morphosis, so that in many cases in the framework as well as in the alveoli 
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only fat-granules are to be seen in place of the cellular elements. Cancer 
with mucous framework is rare. It is distinguished externally from com¬ 
mon carcinoma only by its muco-gelatinous cut surface. 

Ossification of the stroma, the so-called osteoid cancer, 
occurs most often in cancers proceeding from the periosteum, as well as 
sometimes in secondary cancers, e.r/., of the lungs, rarely of other tissues. 
It affects for the most part connective-tissue cancers, rarely those of an 
epithelial formation. 

Tiie bloodvessels of cancer 

course in the direction of the trabecula?- of the stroma. They form a con¬ 
stant element in all these trabeculae, with the exception of the thinnest, 
where they are entirely wanting. In many very soft and vascular cancers 
the vessels are surrounded only by an extremely thin layer of soft connective 
tissue, which, in a superficial microscopical examination, is easih r over¬ 
looked. The vessels are capillaries of the usual diameter, and not infre¬ 
quently are remarkably wide, and of the usual structure. They are for the 
most part new-formed, but are connected in the usual manner with the 
arteries and venous branches of the surrounding structures. In the lungs 
and liver the vessels of cancer are connected only with the nutritive vessels 
(bronchial and hepatic arteries), not with the functional vessels. Lai’ger 
arteries and veins are entirely absent in cancer, or are present only in its 
periphery and then are residues of the normal organ. Only by their artifi¬ 
cial injection is the number of the vessels of cancer demonstrated. 

Teleangiectatic cancer, fungus hematodes, carcinoma teleangiectodes, 
is a very soft cancer, of a more or less dark red color, from the cut surface 
of which there flows an abundant, creamy juice of a red color, or a liquid 
similar to blood. The not infrequent, slight grades of this form of cancer 
still show a varying number of points of the common character of a white 
cancer, which* in the highest degree, resemble capillary tumors, aud which 
on section quickly become empty, so that only a dark red cavernous tissue 
without any or with only an indistinct cancerous structure remains. The 
microscope shows, besides cancer-cells and blood-corpuscles, a for the most 
part delicate stroma with very abundant, and in high degree uniformly or 
partially dilated vessels. This form of cancer occurs most often in the 
brain and kidneys. 

Lymphatic vessels are probably of uniform occurrence in cancer. 

Schroder van der Kolk, already in 1842, demonstrated lymphatic vessels in 
cancer ( Dissert. of Lespinasse). (See also p. 376.) 

The causes of primary cancer 
are in general the same as of other new-formations. (See p. 367.) 

On the causes of secondary cancer, that which has been said in general 
especially holds true (see p. 366). Also here stand opposed the so-called 
implantation and infection theories. 

It is most probable, that cells pass from primary cancers, through the lymph- or 
blood-vessels, into the circulation, and in the parts affected give rise to cancer-forma¬ 
tion : so-called implantation theory. These points in many cases lie in the direc¬ 
tion of the blood- and lymph-vessels ; in other cases secondary cancers arise in parts 
w hich stand in no immediate relation to the direction of the blood- and lymph-cur- 
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rent. They are of comparatively frequent occurrence in the large glands, as the 
liver and lungs. 

Proofs of this manner of origin of secondary or metastatic cancers have in late 
years accumulated. For some cases it has been demonstrated with certainty, that 
cancer-masses as a whole and cancer-cells especially, which are free in the blood¬ 
vessels, having been transported hence and deposited in other parts, become the 
causes of cancerous formation. A case in point, of secondary cancer of the liver, 
has been communicated by ScnuPPEL (Arch. d. Ileilk. , 18(58, IX., p. 387). See also 
Fetzer, Beitr. z. Histogenese des Leberkrebses. Tub. Dissert ., 1868. 

Proofs that cancers find their way into the lymphatic vessels, are not infre¬ 
quently found in autopsies: most often in primary or secondary cancers of the lungs, 
when the cancer is macroscopically visible in the interlobular subpleural lymphatic 
vessels. Cases of this kind have been observed by Andral, Hourmann. Guns burg, 
Cruveilhier, Rokitansky, Lebert, the author (der Gebdrmutterkrebs. . p. 84. 
Arch. d. Ileilk., 1868, IV., p. 538), Recklinghausen (Mon. f. Gebrtsk. , 1861, XVII., 
p. 822), but especially by Roster (1. c.). Secondary cancerous degeneration of 
the lymph-glands begins, according to Loepkr, most often in the surface, accord¬ 
ing to Billroth in the deeper alveoli; according to Gussenbaiter (Arch. f. klin. 
C/dr ., 1872, XIV., p. 561), it begins first in the gland-substance proper (glandular 
elements of the cortical and medullary sacs), and then in the tissue of the septa; 
degeneration in the medulla proceeds for the most part in the cortical portion. 

Also in SEROUS membranes, secondary extension in a mechanical way is some¬ 
time to be demonstrated: particles of a soft cancer fall perhaps to the deeper parts 
of the cavity, here adhere and grow. 

Opposed to the above theory is the infection theory, whereby the juices arising 
from the primary cancer excite cancer-formation in those tissues with which they 
come in contact. 

Experimental injection of cancer-juice into the bloodvessels of living animals has 
so far furnished no positive results. The experiments of Langenbeck, of Lebert 
and Follin certainly have no value. O. Weber (see p. 369) and Goujon have 
perhaps obtained results; Billroth, Lebert-Wyss, and Doutrelepont, on the 
other hand, obtained negative results. Reincke (Virch. Arch., 1870, LI., p. 391) 
saw in two cases, where puncture of the abdomen had been performed on account of 
carcinomatous peritonitis, cancerous knots appear in the tract of puncture, which 
were separated from the peritoneal cancer by healthy tissue. 


The course of cancer 

is in the greater number of cases chronic, lasting in so-called atrophic 
cancer and in many cases of epithelial cancer of external parts ten years, 
otherwise from one to about three years. The great variation in the course 
of cancer depends especially upon the kind and importance of the tissue 
attacked, upon the size and number, and upon the kind, of cancer (the 
rapidity of course is in general in direct ratio with the richness in cells and 
vascularity), upon their metamorphoses, surgical interference, etc. 


Cancers of the mammary glands and of the uterus often rim their course during 
pregnancy with remarkable rapidity (Klotz, Ueber Mastitis carcinomatosa gravida¬ 
rum et lactantium. Diss. Halle , 1869). 

Rarely the course of cancer is acute, analogous to acute miliary tuber¬ 
culosis : so-called acute miliary carcinosis. In such cases there is found 
for the most part an older cancer; much more rarely is the acute cancer 
primary. The symptoms are fever, which, in the former case, is associated 
with the symptoms of chronic cancer, often severe cerebral phenomena, 
symptoms on the part of the respiratory organs, etc., which in a few weeks 
lead to a fatal termination. Autopsy shows in various, sometimes in all 
tissues and organs of the body, especially in the serous membranes, some¬ 
times even in new-formations, very numerous cancers, which are sometimes 
very small, sometimes of the size of a pea, isolated or confluent, grayish- 
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white, or grayish reel; the serous membranes show besides for the most 
part symptoms of inflammation. 


Kohler (1. c., p. 110), Rokitansky ( Lehrb ., 1856, I., p. 255), Demme ( Schweiz. 
Monatsschr. f. pract. Med., 1856, No. 67), Bamberger ( Oettr. Ztschr.f. prakt . lleilk., 
1857, No. 8 et 9), Eeiciisen ( Virch. Arch., XXI., p. 465). 


The changes presented by parts of organs free from cancer either 
were present already before the new-formation, or are only consequences 
of the cancer. They cannot always be sharply separated. The most 
important of the changes dependent upon cancer are: hypertrophy, espe¬ 
cially of the for the most part dilated muscular portions of saccular organs 
lying behind the cancer (intestinal canal from the oesophagus to the anus, 
uterus, urinary bladder), more rarely hypertrophy of glands, e.g ., sebace¬ 
ous glands, also those of the normal papillae or villi; atrophy, especially 
of glandular organs (liver, lymph-glands) ; catarrhs of the surrounding 
mucous membrane and their consequences : pigmentation, thickening, vil¬ 
lous formation, ulcerations, haemorrhages, false dropsies ; more rarely croup¬ 
ous aud so-called diphtheritic inflammations ; pseudo-membranes and 
adhesions of the affected serous membrane ; suppurative and septic inflam¬ 
mations of serous membranes, which are consequences of local cancer or of 
diseases consecutive to cancer (hydronephrosis, dilatations of the intestines, 
etc.), or stand in no demonstrable relation to cancer (pericarditis); ven¬ 
ous thromboses (in consequence of pressure, cancer of the veins, marasmus). 
Often the parts free from cancer are perfectly normal (many cases of 
cancer of the stomach, cancer of glands, etc.). 

The influence of cancer on the whole organism depends especi¬ 
ally upon its size, number, its metamorphoses, but most upon its locality. 
Therefore most all cancers have at their beginning, some even until the 
death of the individual, no demonstrable general consequences. The latter, 
as well as final death, are dependent: 

Most often upon the primary cancer: compai-atively rarely upon the cancer 
which has not been at all or only little changed: its considerable size 
chiefly, seat in organs essential to life (brain), stricture or closure of canals 
essential to life (oesophagus, stomach); pressure on parts essential to life 
(brain, upper portion of the spinal cord), on many veins; 

More often upon metamorphoses of the cancer: production of ichor 
and the consequent amemia and cachexia (external parts, stomach, uterus) ; 
haemorrhages, single and of large extent or frequent and less severe, espe¬ 
cially from villous cancer (urinary bladder, stomach, uterus) ; perforations 
of surrounding parts, especially of large arteries, with fatal haemorrhage 
(oesophagus), of the air-passages (cancer of the oesophagus), and serous mem¬ 
branes (consecutive inflammation, production of ichor); 

More rarely upon numerous or quickly forming, for the most part small, 
miliary, secondary cancers (so-called acute carcinosis); 

Upon a number of diseases, which clinically are of frequent occurrence in 
those' sick with cancer, for which there is sometimes a manifest cause, 
thrombosis of veins, inflammations of contiguous serous membranes), some¬ 
times none (pericarditis and endocarditis, pneumonia, especially in cancer 
of the oesophagus and stomach, dysentery, especially in uterine cancer, 
fatty metamorphosis of the heart, Bright’s disease) ; 

Upon affections, which are without connection with the cancer (e.g-, also 
pulmonary tuberculosis); as well as in ways wholly unknown. 
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The mortality from malignant tumors in Wurzburg, from 1852 to 1855, reached 
5.3 p. c. of the whole mortality. Of 100 cases of death from malignant tumors there 


were; of the stomach. 34.9 p. c. 

uterus, vagina, etc. 18.5 “ 

large intestines and rectum. 8.1 “ 

liver, etc. 7.5 “ 

face and lips. 4.9 “ 

mammary glands. 4.3 “ 


Total.78.2 p. c. 


A. EPITHELIAL CANCER, EPITHELIOMA. 

(Cancroid in the broader sense.) 

Epithelial cancer varies in gross and microscopic appearance, according as 
it is situated in the skin and in mucous membranes provided with pave¬ 
ment epithelium, or in mucous membranes provided with one or many layers 
of cylindrical epithelium, or in larger glandular organs. From this it re¬ 
ceives the names: pavement-cell cancer, or cylindrical-cell cancer, or glan¬ 
dular-cell cancer. The two former have the form of a flat or deep, even 
tumorous infiltration, while the latter exists for the most part in form of 
knots. 

Epithelial cancer arises always from forms of the external or internal 
germinal layer, thus only from the epithelium of the skin, mucous mem¬ 
brane, or glands. In the deepest epithelium, furthest removed from the 
surface of the skin or mucous membrane, there appears an increase 
of the latter, and a supplanting in similar manner of the non-epithelial 
tissues, as in the formation of the normal glands and of adenoma. The 
growing epithelial masses (epithelial rods, epithelial cylinders) are in 
size, form, etc., for the most part wholly irregular, atypical: they are 
for the most part large, of round, cylindrical or irregular form, and are 
frequently connected together in the form of a net-work; they are for 
the most part without lumen ; the individual cells show no function (secre¬ 
tion). The basement membrane, at first present, later disappears. The epi¬ 
thelial masses grow into the surrounding parts with a larger or smaller base, 
and may finally be so far constricted as to become separate. The connec¬ 
tive tissue in the surrounding textures is almost always permeated by 
abundant nuclei and small indifferent cells. A pai’t of them is metamor¬ 
phosed (as about foreign bodies, etc.) into connective tissue, and thus in part 
forms the cancer-stroma, others never reach this development, but finally 
decays with the epithelial cells. The largest portion of the stroma consists 
of pre-existing connective (or osseous) tissue, of atrophic gland-substance, 
etc. At the same time there is usually found in the tissue surrounding 
the epithelial masses a new-formation of blood- and probably also of lymph- 
vessels. 

The growth of epithelial cancer takes place, in large part, in the same 
manner as its first origin (peripheral growth), in small part by enlargement 
(nuclear increase, etc.) and increase of the already formed epithelial masses 
(central growth). 

The view, that epithelial cancer and connective-tissue cancer are sharply distinct, 
and that epithelial cancer proceeds always from pre-existing epithelial, or gland- 
cells, has among its older advocates F (hirer, who also first described the origin of 
epithelial cancer of the skin from the hair-follicles, and Hannover, Frerichs, 
Remak, in part also Rokitansky. But Thiersch especially has further perfected 
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this theory and established it, especially with respect to epithelial cancer of the skin. 
It has been accepted by Robin, Cornil, Wres, Naunyn, Billuotii, Waldeyer, 
the author, W. Muller and others. The supporters of the other view, that epithe¬ 
lial cancer arises commonly in the same manner as common cancer from connective 
tissue, are Virchow, Paget, Forster, O. Weber, W. Fox, Recklinghausen, 
Classen, Neumann. The latter ( Virch. Arch ., XXIV., p. 201) describes a cancer¬ 
ous development in the perineurium and neurilemma; PorrER ( Oestr . rued. Jahrb., 
1805, 4. II, p. 37) describes the same in transversely striated muscles. A third class 
assume an intermediate position. Thus, besides some of the last mentioned, Rind- 
fleiscii, who regards the epithelial outgrowths in the periphery of cancer as arising 
not from division or other increase of the epithelium at the diseased point, but by 
apposition from the sub-epithelial connective-tissue stratum. Also KLEBS, who 
assumes two kinds of epithelial cancer: simple epithelioma, which proceeds only 
from epithelial cells, and the so-called infectious epithelioma, which arises from a 
metamorphosis of other elements into epithelia (Virch. Arch., XXXVIII., p. 214). 
See further R. Maier ( Lehrb . d. attg. path. Anat., 1871, p. 417), Leontowitscii 
(Med. Gtrlhl. , 1869, No. 13), Volkmann ( Virch. Arch., 1871, L., p. 543). 

Thiersch and his followers adduce the following reasons for the epithelial origin 
of epithelial cancer : the mode of development, especially the development of epi¬ 
thelium of the skin and mucous membranes and their derivatives (the epithelium of 
serous membranes, etc., and that of the urino-genital system have, as is known, 
another origin : see p. 395)—but epithelial cancer occurs primarily in only the first 
mentioned ; losses of substance, which are constantly suffered by epithelium, are 
repaired by the epithelium itself, not by the connective-tissue corpuscles of the 
vascular stroma (see p. 403); also with respect to pathological cases has the epithe¬ 
lium-forming capacity of the stroma not yet been shown (see p. 470) ; the connec¬ 
tion between the epithelium of epithelial cancer and that of the affected skin or mu¬ 
cous membrane can, on the boundaries of the former, not infrequently be directly 
demonstrated. The statement, that epithelial cancer appears as a primary degen¬ 
eration removed from epithelial forms of the skin and mucous membrane (in bones, 
lymph-glands, etc.), does not exclude the former possibility, e.g ., its origin from 
the sweat-glands. Also in the origin of dermoid cysts, of cholesteatoma, as already 
stated by REMAK, as well as of epithelial cancer, it may happen, that epithelial 
germs of the horny layer, as well as of intestinal glandular layer, reach by a patholo¬ 
gical process into the deep structures, in which they lose every connection with the 
epithelial matrix by constriction ; here, like the enamel-germ destined for the per¬ 
manent tooth, they may remain latent for years, without losing their capacity for 
development. (See with respect to like peculiarities of the middle germinal layer : 
enchondroma, myxoma.) Thiersch’s view on epithelial cancer has, in the more 
recent results of epithelial regeneration, received a further, although only an indi¬ 
rect support. Many cases of cancer, which cannot be explained by Thiersch’s 
theory, are endothelial in character. 

The opponents of Thiersch’s theory hold that the most different tissues are not 
alone produced by the cells of the ovum, but that this capacity is enjoyed by all or 
indeed by most young cells, especially granulation-cells arising from connective 
tissue and the colorless blood-corpuscles. (Consult O. Weber, Virch. Arch., 
XXXIX., p. 254.) Or they seek the demonstration of an epithelial or epitheliomal 
formation in parts or organs which contain no epithelium derived from the upper or 
lower germinal layer: thus Virchow (Arch. , VIII., p. 414) with respect to choles¬ 
teatoma, Eberth (lb., XLIX., p. 51) for a similar new-formation, Arndt (lb., LI., 
p. 495). 

According to Recklinghausen ( Wilrzb. med. Ztschr., VII., p. 24) and Roster, 
the well-known processes of cancroid are cell-formed casts of the lymphatics. This 
is supported by the extensive distribution of the lymphatic vessels and glands, as 
well as by the so frequent formation, at points of the youngest development, of com¬ 
plete net-works, which are entirely conformable with the pre-existing net-work of 
lymphatic vessels. Waldeyer found similar conditions in intestinal cancers, and 
not in other cancers. 


The varieties of EPITHELIAL cancer are : 

a. Pavement-cell cancer (or epithelial cancer, epithelioma or can¬ 
croid in the narrower sense). 

Pavement-cell cancer forms more rarely a more or less sharply 
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defined knot, but commonly assumes the form of a diffuse, in parts tumor¬ 
ous infiltration. It is usually of little extent, shows an uniform or 
knotted thickening, and by long duration there is often formed in the 
centre a crater-like ulcer, which secretes a small quantity of pus and white 
atheromatous-like mass which then easily dries on the external parts. Or 
the cancer forms a more varying ulcer, which reaches one square inch in 
size, and is grayish-white, grayish-red, rarely dark-red, for the most part 
presenting large granulations, and is often covered with crusts, and with 
moderately thickened flat or knotty, smooth or warty borders. The 
cut-surface is usually white or grayish white, for the most part moist, 
more rarely dry and crumbling, smooth or finally granular, rarely homoge¬ 
neous or fibrous, or fleshy or glandular; it is rarely distinctly juicy. 
Except in the very rare cases of encapsulation (see also Cholesteatoma), 
the periphery shows either a gradual transition into the normal tissues, or 
it contains apparently sharply defined, process-like masses. By scraping or 
squeezing there escape from the chief mass, besides a for the most part 
scanty, serous or rarely creamy liquid, bodies like comedones, which are 
whitish and of varying size. The centre contains sometimes one or more, 
for the most part sharply defined cavities with dry, grayish white, athero¬ 
matous contents. 

The pavement-cell cancer occurs as a primary formation most often on 
the skin, especially on those portions of it which are transitions into 
mucous membrane (lower lip, around the external opening of the nares, the 
eyelids, the ear, the anus, the external male and female genitals) and in 
mucous membranes with laminated pavement epithelium (especially on the 
tongue, in the oesophagus, on the affected parts of the larynx, in the 
vagina and vaginal portion of the uterus), more rarely in the pharynx, con¬ 
junctiva, and bones. From the first mentioned parts the cancer progresses 
into the deeper layers of the skin and mucous membranes, on the latter 
through the submucous tissue, through the intermuscular tissue to the sur¬ 
face of the affected membrane, farther on into the neighboring organs (in 
the oesophagus, e.g., into the mediastinum, into the trachea, lungs, etc., in 
the vagina to the urinary bladder and rectum), even into the bones. Epi¬ 
thelial cancer is found as a secondary formation after some duration often 
in the appertaining lymph-glands, more rarely in the veins, in internal 
organs, especially the lungs and liver. 


Epithelial cancer arises either primarily, or in other new-formations, most 
often in cicatrices and warts, probably also through metamorphosis of adenoma of 
the sebaceous, or sweat-glands of the skin, of the mucous glands of the affected 
mucous membranes. Czerny (Arch. f. klin. Chir., 1869, X., p. 894) describes an epi¬ 
thelial carcinoma, which was developed from a congenital sacral tumor. This cancer 
is of remarkably frequent occurrence, especially that of the skin, in men from 40 to 
50 years old and more, and in those of low condition. It has not yet been observed 
before the 80th year. 

Cure not infrequently results in external cancer, after extirpation which has been 
performed at the right time and entirely. 

Histologically, the pavement-cell cancer differs. Either the peripheral 
cancer-cells are small, cylindrical, sometimes lightly pigmented, perpendicu¬ 
lar to the stroma, distinctly nuclear; the succeeding cells are large or very 
large, cubical or flat, quadratic, rhombic, rectangular, club-shaped, etc., 
usually with spines, with for the most part distinct, of medium size or 
large, usually a single, more rarely multiple nucleus and distinct nucleolus, 
rarelv without nucleus ; the most internal cells are often concentrically 
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laminated about a clear, homogeneous or nucleated centre, flattened in 
the highest degree, fibre-like, without nucleus: so-called nests, horny 
bodies, pearl-globules, (jlobes epidermiques. Or, the cells are flat, of vary¬ 
ing form, for the most part rhombic or elongated, for the most part with 
a large distinct nucleus. Rarely the cell-masses are surrounded by a homo¬ 
geneous membrane. The alveoli of both forms are of very varying size, 
sometimes macroscopical; their form is sometimes regularly round or oval, 
sometimes irregularly pouched, glandular, forked or arborescent. The vas¬ 
cular stroma is for the most part scanty, and occupied here and there by 
abundant free nuclei and small round cells. Sometimes these are to be dis¬ 
tinguished with difficulty from those of the alveoli. In some cases, which 
have an appearance similar to chronic common or lupous ulcers of the skin, 
the stroma is very vascular and cellular like granulation-tissue, and the 
epithelial masses, on the other hand, appear very far in the background. 

Thiersch distinguishes a superficial and a deeply attached epithelial cancer 
of the skin. The former shows an epithelial new-formation, superficial in extent, 
of few mm. in thickness, which on perpendicular section is sharply separated from 
the stroma; the latter, on the other hand, extends without such sharp limitation to a 
considerable depth in form of irregular masses. The superficial epithelial cancer is 
found for the most part only as a superficial ulcer with superficial or slightly thickened 
borders, .and presenting no anomalies of the immediately surrounding textures ; the 
deep cancer as a rule forms ulcers of very irregular form, and there are always found 
hard conglobate knots of the size of a pea to that of a walnut, partly in the surround¬ 
ing, partly in the underlying structures. Both advance destructively from the surface 
into the subjacent textures, whilst at the same time their circumference becomes 
larger : the superficial more slowly than the deep cancer. Both, especially the deep, 
may or may not be connected with papillary, vascular growth of the stroma (warts or 
villi). According to Waldeyer, the superficial epithelial cancer as well as the ulcus 
rodens of the skin, proceed especially from the deeper layers of the stratum Malpighi, 
extend however only a little in depth, before they become ulcerous. The deep cuta¬ 
neous cancer, on the other hand, the variously large knots of which are apparently 
developed primarily deep in the cutis or in the subcutaneous tissue, always proceeds 
from the sebaceous glands, and later also from the interpapillary layer of the rete 
Malpighi, rarely also from the sweat-glands and from the sheaths of the roots of the 
hair. (See Glandular cancer.) 

The cells of pavement epithelial cancer of the skin and mucous membranes are 
not smooth, but show distinct, radiating lines, which, according to M. ScilULTZE 
and others, are delicate spines, by which the cells adhere to one another, but which, 
according to ScintiiN, are tubular pores,—as occurs similarly on the cells of the 
rete Malpighi, etc. (M. Sciiultze, Virch. Arch., XXX., p. 200 .—Sciiron, Moleschott's 
Unters., IX.). 

Biesiadecki (Wien acad. Ber., II., LVI.) uniformly found wandering cells 
between the epithelial cells of the normal skin. Waldeyer observed these in almost 
all preparations of carcinoma of the most diverse organs. They never appear to pass 
into epithelial, or cancer-cells. 

Bizzozero ( Oestr. med. Jahrb., 1873, p. 121) found in a case of pavement epithe¬ 
lial cancer of the cheeks, between the epithelial processes and stroma, vessel-like 
spaces lined with endothelium, which spaces could be injected from the bloodvessels, 
and which in the large alveoli formed a net-work. 

The small round cells in the stroma of cancer arise, according to most, through 
division of connective-tissue corpuscles, according to others (Billroth), they are 
migrated white blood-corpuscles. As carcinoma granulosum superficiale, Waldeyer 
designates those superficial cutaneous cancers, the abundant stroma of which, 
through very dense small-cell infiltration, is similar to granulation-tumor, especially 
lupus, while the epithelial growth retrogrades. 

Varieties of pavement-cell cancer. 

The papillary or warty pavement-cell cancer is characterized by the 
nature of its surface, which is similar to that of warts or pointed condy- 
lomata; in ulcerating cancers to that of the base of the ulcer. It is pale 
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or red, in proportion to the number and size of the vessels. It occurs most 
often on the glans penis and prepuce, on the clitoris, on the vaginal por¬ 
tion of the uterus, in less degrees of papillary formation not infrequently 
also on the lower lip. Histologically, it shows numerous, simple or 
branched connective-tissue tufts, which proceed from the common stroma, 
and which are surrounded by abundant or scanty flat cells. If ulceration 
has appeared, there will not infrequently be seen on the base and in the bor¬ 
ders of the ulcer papillae with numerous broad vessels, and sometimes strong 
small cell infiltration, which reaches as far as the epithelium. 

Sometimes the same villous formation is found also in the interior of the 
alveoli. Then there appears the destroying papillary tumor, formerly 
so-called. 

Between papillary epithelioma and papillary fibroma (see p. 394) there are prob¬ 
ably transitions. 

( 3 . Cicatricial pavement-cell cancer 
occurs, for the most part in the skin of the face of old people, as a superfi¬ 
cial, slowly growing cancer, in which there appears a gradual retrogression 
and resorption of the largest portion of the cells and a cicatricial contraction 
of the stroma. Thus there arise in the periphery superficial, infiltrated cica¬ 
trices without previous ulceration. 

y. MUCOUS CANCROID, GELATINOUS EPITHELIAL CANCER, CYLINDROMA (saC- 
culated sarcoma, etc.), occurs, either in combination with common or papil¬ 
lary pavement-cell cancer, or appears from the beginning as a peculiar 
variety of the former. It is especially characterized by the formation of 
numerous cylindrical, club-shaped or arborescent masses, which consist of 
mucous substance or mucous tissue, and which, if present in large masses, 
give the tumor a mucous or gelatinous appearance. Mucous cancroid is 
found chiefly in the bones of the face, especially the superior maxilla, and 
in the skin of the face, rarely in serous membranes. 

The hyaloid formations of mucous cancroid or cylindroma have been 
differently interpreted by different observers. Many regard them as cells 
of the nature of connective tissue or cartilage, which suffer mucous degen¬ 
eration, greatly enlarge, receive processes, etc.; others regards them as the 
strongly swollen adventitia of the bloodvessels, which had suffered mucous 
degeneration; yet others regard them as increased and changed endothe¬ 
lium of the lymphatic vessels. The mucous substance may later be meta¬ 
morphosed into fibrous tissue ; growths may arise from the cells; the ves¬ 
sels may by obliteration be transformed into solid cylinders; etc. 

Most probably many cases of cylindroma do not belong to cancer, but to other 
new-formations, the cells of which, by a peculiar distribution, become mucous, or their 
stroma in like manner degenerates into mucous tissue. (See p. 481.) 

Henle, Ztuchr.f. rat. Med., III., p. 131.— Busch, Gliirurg. Beob. , 1854, p. 296. 
— Billroth, Unters. ub. d. Entw. d. Blutgefdxse, 1856; Virch. Arch., XVII., p. 
357 ; Arch. d. Heilk., III., p. 47.— Roiun, in Lebert’s Tv. d'nnnt. path., Atl., T. 
XLIX. et XL.— Meckel, Char.-Ann.. VII.. pp. 89 et 103.— Volkmann, Virch. 
Arch., XII.. p. 293.— Maieb, lb., XIV., p. 270; Arch. d. Ileilk.. VII., p. 145.—O. 
Weber, Ghir. Erf., p. 371.— Friedreich, Virch. Arch., XXVII., p. 375.— Reck¬ 
linghausen, Arch. f. Ophthalmol., X., p. 190.— Bottciier, Virch. Arch., 
XXXVIII., p. 400.— Raster, lb., XL., p. 468.— Forster, Hdb. d. path. Anat., 2, 
Aufl., I., p. 441.— Pagensteciier, Virch. Arch., XLV., p. 490.— Bircii-Hirsch- 
feld, Arch. d. Ileilk., 1871, XII., p. 167. 

Carcinoma adenoides is a term applied by Waldeyeii to that form of 
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cancer, tlie alveoli of which are distinguished by a glandular sac-like form, 
while the stroma is only lightly infiltrated with small cells,—also with the 
cancer proceeding from glands. 

Metamorphoses of pavement-epithelium cancer. 

Corn if ic at ion of the central or of all the cells of the alveoli : the former 
occurs so often, that the resulting forms were formerly regarded as charac¬ 
teristic of epithelial cancer ; the latter forms the condition of cholesteatoma 
(vide infra). 

'Oy complete simple atrophy, as it were drying of the cells of pavement-cell cancer, 
especially of those limited by a capsule, there arises the so-called horny shell-epithe¬ 
lial cancer (Forster), carcinoma keratoides s. corneum (Waldeyer). These can¬ 
cers are harder and dry; the cat surface shows white, dry, brittle, homogeneous or 
partly laminated masses of varying size and form. 

Dry cancroid (Forster, War zb. Verh. , X., p. 102) consists in this, that the cells, 
shortly after their formation, become dry and partly contain air ; hence the tumor 
is distinguished by its unusual dryness and lightness. The air-containing cells lie in 
the middle portion of the alveolus ; the peripheral cells contain no air. 

Fatty metamorphosis of the cells is always present in lighter degrees in 
old cancers; its higher degrees lead to softening of the cancer, which is fol¬ 
lowed in its superficial parts by ulceration, in the deeper and central por¬ 
tions by atheromatous softening and cavities, even cysts. ( Vide infra.) 

Mucous softening occurs rarely and for the most part only in its lighter 
grades. 

Cancroids witii total calcification and ossification, so that they resem¬ 
ble stony circumscribed concretions, have been described by Forster ( Wurzb. 
Verh., X., p. 1G2) and Sokolowsky ( Z. f rat. Med., 18(54, XXIII., p. 23). In one 
case the cells and stroma were calcified, and no vessels were demonstrable ; in 
another, the latter were still present and permeable. 


b. Cylinder-cell cancer (cylinder-epithelial cancroid). 

The cylinder-cell cancer has commonly the form of a more or less sharply 
defined, but never encapsuled infiltration, which at first occupies only the 
mucous membrane anti submucous tissue, later also the muscular, serous 
and surrounding tissues of the affected hollow organ. The infiltration is of 
varying extent and thickness, in hollow organs (stomach, intestine, uterus) 
often affecting the whole periphery (so-called annular cancers). At a later 
period the middle portion often becomes ulcerous, especially in the stomach 
and intestines. On section the peripheral parts, as well as the centre, so far 
as it is not ulcerated, show, in place of the various tissue-layers (in the mus¬ 
cular tissue at first only the intermuscular connective tissue, but later 
the muscle proper), a white, gray, or reddish, rarely hard, usually in 
various degrees soft, for the most part perfectly homogeneous, rarely at 
points, fibrous substance. By scraping, the cut surfaces, sometimes 
throughout and uniformly, sometimes only from numberless very small 
openings, commonly gives off an abundant, weakly mucous or distinctly 
creamy liquid, of the same color as the cut surface. In many cases the 
cut surface shows a very delicate or grosser net-work, in the very small 
(or of the size of a millet seed and larger) spaces of which there is contain¬ 
ed a distinctly creamy or slightly cheesy juice, which in the former case 
uniformly covers the cut surface, in the latter it is evacuated in the form 
of maggots ; after evacuation of the juice the spaces appear as smooth pits 
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(cancer areolaire pultace), or they contain a macroscopical, very delicate, or 
microscopical cellular framework. 

Cylinder-cell cancer occurs primarily only on mucous membranes with 
a uni- or multi-laminated cylindrical epithelium, especially on narrow por¬ 
tions of these, or in places where one section of mucous membrane passes 
into another, most often on the vaginal portion of the uterus, where it for 
the most part occupies almost equal portions of the uterus and vagina, in 
the pylorus of the stomach, where it rarely and usually only at points 
passes over on to the duodenum, in the large intestine ; more rarely 
is it in the cardiac and other portions of the stomach, in the caecum, in 
the flexures of the colon, in the air-passages, urinary bladder, etc. Also 
there belong here many cases of cancer of the mammae and liver, in which 
the cancer proceeds from the milk-, or bile-clucts. Cylinder-cell cancer oc¬ 
curs, transplanted, in the appertaining submucous tissue, when it reaches 
its greatest extent, in the (normal or hypertrophic) muscular and serous 
tunics, not infrequently in all the.adjacent organs (in uterine cancer the 
urinary bladder, rectum, etc., in pyloric cancer the peritoneum, the boun¬ 
dary connective tissue of the hilus of the liver, the liver itself). Sec¬ 
ondarily, it is often found in the connected lymph-glands; if it occurs 
within the radicles of the vena portae, especially often in the liver; in 
both cases also not infrequently in the lungs, in some serous membranes; 
rarely in other organs. 

Cylinder-cell cancer occurs also sometimes in previously normal, sometimes in 
OTHERWISE diseased mucous membranes : in the stomach I have often seen cases, 
where it had developed in the vicinity of old cicatrices of ulcers. (Consult also W. 
Muller and Waldeyer.) In the uterus it is not infrequently found in existing 
so-called chronic infarction of it. A transition of adenoma of mucous membranes 
into cancer is likewise probable. 

Microscopically, cylinder-cell cancer shows cells of more or less distinct 
cylindrical form. Their arrangement corresponds to the normal arrange¬ 
ment of cylindrical epithelium. The cells are rarely wholly like those 
of the affected mucous membrane; for the most part they, as well as their 
nuclei, are larger and less regularly cylindrical, even spindle-shaped, cau¬ 
date, etc. Or only the cancer cells which lie in the periphery of the alveoli 
are distinctly cylindrical; those lying further inward have an irregular, 
often quadratic, caudate, even stellate, etc., form; those in the centre are 
for the most part rounded. The cancer-cells are arranged almost at right 
angles to the stroma (the membrana propria is for the most part wanting), 
rarely at an acute angle, sometimes indeed almost parallel with it: in the 
latter case cancer-tissue may bear a similarity to the tissue of sarcoma. 
The stroma is for the most part less thick, and usually very vascular. 
The alveoli are of medium size or large, oval, cylindrical, irregularly dis¬ 
tended, gland-like, etc. Their form is, besides in brushed sections, even 
with the cells, easily to be recognized, whilst the latter often are so adherent 
that they may be removed from out of the alveoli en masse. 

Here belongs also that form, occurring especially in the mamma and lymph-glands, 
where in the examination of the fresh preparation there occur no common cells, but 
large masses, similar to mother-cells with daughter-nuclei, representing perfect casts 
of the alveoli, hence cylindrical, club-shaped, etc., which masses are sharply defined, 
and consist of a homogeneous, finely granular basis substance, and for the most part 
large, round or oval nuclei, with large nucleoli, which lie quite near one another and 
quite regularly arranged : so-called hollow clubs, germ cylinders, tissu hetei'oade- 
nique. After a longer time, or subjection to the action of a solution of chromic acid, 
chromate of potash, etc., the individual cells for the most part appear. 


402 


CYLINDER-CELL CANCER. 


The termination of cylinder-cell cancer of the raucous membranes is 
determined by the cylinder-cells of the mucous membranes themselves, but 
especially by the epithelium of the affected glands of the mucous membranes: 
in the stomach the peptic and mucous glands, in the intestines the glands 
of Lieberkuhn, in the uterus the sacculated glands. A group of them 
pushes into the dee]) portions of the mucosa a number of shoots, which in 
the submucous tissue grow with especial vigor and form infiltrates or knots, 
which may only at a small point be connected with the glands, from which 
they proceeded. Accordingly, most cases of cylinder-cell cancer should be 
included among the glandular-cell cancers. But a sharp limit between the 
epithelium of the mucous membrane and that of the upper portion of the 
glands is already physiologically in most places not to be drawn. 

Varieties of cylinder-cell cancer. 

Villous cancer, carcinoma villosum, is a combination of a for the most 
part soft villous tumor with cylinder-cell cancer. It occurs in its pure 
form only on mucous membranes (urinary bladder; uterus and vagina: 
so-called cauliflower growth of the vaginal portion of the uterus; stomach, 
etc.), rarely in parenchymata. In the former localities it forms masses of 
a size which varies to that of the fist and larger, which are more or less 
sharply circumscribed, grayish or dark red, rarely pale, which masses are 
soft and rich in juice and furnish an uniform or (especially by examination 
under water) distinctly villous structure. Soft large villous cancers of this 
kind ai’e for the most part sharply circumscribed, and are seated on the 
mother-tissue by a broad or small pedicle, which in the latter case is short 
or long; more rarely they are diffuse, high in the middle, gradually disap¬ 
pearing toward the periphery. The base of villous cancer shows a distinct 
infiltration with cylinder-cell cancer. On villous cancer in parenchymata, 
vide inf ra. 


MrCROSCoriCAL investigation of villous cancers offers in general the characters of 
soft villous tumors (see p. 394). Their stroma consists of simple or branched, delicate 
or thicker connective-tissue masses, which in the centre contain for the most part 
numerous and wide vessels, and at their base pass immediate!y into cancer-stroma. 
The villi are surrounded by a single or multiple layer of cylindrical cells. Either the 
cells surround only the single villi, or around all the villi there is found besides a 
common manifold deposit of cells: in the former case the tumor has a distinctly 
villous character; in the other, the latter appears only after artificial separation of 
the common cell-covering. 

The slightest, only microscopically visible degrees of villous cancer not infrequently 
occur on mucous membranes of every kind, also without papillae, above the cancerous 
infiltration of the mucous membrane or in the textures surrounding it. 


The remaining varieties of cylinder-cell cancer are the same as those of 
pavement-cell cancer. 

The metamorphoses of cylinder-cell cancer 
are chiefly fatty and mucous metamorphosis: the former in its higher 
grades leads to softening with formation of cavities or with ulceration, the 
latter to so-called colloid cancer. ( Vide infra.) 


c. Glandular cell cancer, glandular carcinoma. 

The gland ular cell cancer, hitherto sometimes ranked with soft connective 
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cancer, sometimes with cylindey-cell cancer, is not yet so well known that a 
general description of it can be given. It exists always in the form of one 
or more, even very numerous apparently sharply-defined knots of varied 
size, which in all essential, gross anatomical and histological relations re¬ 
semble infiltration of cylinder-cell cancer. Not infrequently the 
cancer-cells are small and less distinctly epithelial. If the quantity of cells 
is very great and that of the stroma scanty, the separation of this form from 
soft connective-tissue cancer will be possible only by careful examination. 
If the stroma is very abundant and the alveoli few and small, there will 
arise the hard glandular carcinoma, the so-called scirrhus. Sometimes the 
stroma, like sarcoma, is composed of spindle cells. This has most often 
been observed in the kidneys and testicles, giving rise to very large tumors. 
In many cases the stroma is very vascular: teleangiectatic form. 

The glandular cell cancer is the most frequent primary form of cancer 
of the large true glandular organs, especially the maramse, also the liver, 
salivary glands, prostate, kidneys, ovaries and testicles, in part also the skin 
(sebaceous and sweat-glands) and mucous membranes (gastric, intestinal, 
mucous glands). It is found transferred and secondary in like manner 
as cylinder-cell cancer, the latter most often in lymph-glands, lungs, and 
liver. 

Langiians ( Virch. Arch ., 1871, LIII., p. 470) describes a primary cancer of the 
trachea and bronchi; Knoll (lb ., 1872, LIV., p. 878) one of the larynx, which proba¬ 
bly proceeded from the mucous glands. 

Glandular cell cancer takes its starting-point in the racemose glands of 
the smallest gland-ducts and terminal vesicles of the glands,—from those in 
the sacculated glands of the mucous membranes, the kidneys, testicles, etc., 
from the closed follicles in the ovaries and thyroid gland. In many cases 
it passes into cylinder-cell cancer. In other cases it arises in the same 
manner as adenoma (see p. 472): but while in this the new-formed cells 
resemble in size, arrangement, etc., those of the affected normal glands, 
here the new-formed ceils grow in greater number, with less regularity, 
etc., into the bordering tissues. 

Doubtless, between adenoma and glandular cell cancer, there are found 
the most manifold transitions (adenoma carcinomatodes), most often in 
the mamma and ovary. These affect the tumor as a whole, as well as the 
individual parts of it; the first beginnings of adenoma, as well as after a 
longer existence; pure adenoma, as well as its metamorphoses (kystoma, 
etc.). 

Griesinger and Rindfleisch (Arch. d. IleUk ., V., pp. 885 et 895) describe as 
adenoid of the liver a nevv-formation, which had the form of sharply circum¬ 
scribed, of varying size, and variously colored, soft knots of liver-tissue, and which 
occurred in very large number, and was followed by destruction of the largest por¬ 
tion of the liver with icterus, oedema, marasmus, and death. This must now be 
included here. 

With respect to the liver, it is more often doubtful whether the so-called epithelial 
cancer arises from the epithelium of the bile-ducts or from the liver-cells (Naunyn, 
1. c., p. 717). In the mamma, Waldeyer distinguishes the primary cancer of the 
terminal gland-vesicles (so-called parenchymatous cancer), and the cancer which pro¬ 
ceeds from the larger milk-ducts (so-called galactophores). 

Naunyn (Arch. f. Anat., Phys. u. iciss. Med., 18(50, p. 710) describes a cystosar- 
coma of the liver, analogous to that of the mamma (Reinhardt, Meckel, and 
others), which proceeds from the bile-ducts through dilatation of them in consequence 
of an increase of their epithelium and through increase of the connective tissue sur- 
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rounding them, and further on with participation of the proper liver-cell spaces. The 
tumors were numerous, and reached the size of a millet seed. 

On cancer of the testicle, consult Hirschfeld, Arch. d. Ileilk ., IX., p. .'537. 

According to Rindfleiscii (Lehr/)., 1873, p. 142), hard glandular carcinoma de¬ 
pends upon an interstitial inflammation of slow progress, the cellular products of 
which are metamorphosed into epithelial forms' instead of into pus or connective 
tissue — in consequence of an “ epithelial infection” (Klebs) : i.e ., some young epi¬ 
thelial cells penetrate into the intervening spaces of the neighboring connective tissue 
and infect the indifferent cells found here. 

Waldeyer proposes to call the cancer found in glandular organs tubular or alveo¬ 
lar cancer, according as it proceeds from the excretory ducts or from the alveoli. 

The metamorphoses of glandular-cell cancer are the same as those of 
cylinder-cell cancer. 

Metamorphoses common to the three forms of epithelial cancer. 

Most epithelial cancers show, after a longer or shorter existence, a series 
of metamorphoses, which are sometimes unessential and are recognizable 
only microscopically, sometimes completely change the appearance of the 
cancer here and there or throughout. Many of these metamorphoses are 
also of great clinical interest. 

The changes affect either the cancer-cells, or the stroma, in higher de¬ 
grees for the most part both at the same time. 

Fatty metamorphosis and simple atrophy are the most frequent changes 
of cancer-cells. They occur for the most part together. Macroscopically, 
the change varies according to the degree and the preponderance of one or 
the other. The lower degrees, occurring in almost every■ cancer, are not 
recognizable by the naked eye. The higher degrees are likewise not infre¬ 
quent ; they are usually most marked at the centre of the cancer; rarely 
they affect almost the whole mass. Through both metamoi’phoses sections 
of the cancer receives a grayish-yellow or yellowish color, which is rarely 
uniform, for the most part presenting a regular or irregular, fine or large 
net-work, or is punctated : so-called carcinoma reticulatum. The portions 
affected are also dry, juiceless, smooth (like yellow tubercle: so-called 
tuberculization of cancer), and bloodless. The centre of these knots is 
remarkably hard, if there has been an abundant resorption of the degener¬ 
ated cells. At other times, if the stroma is scanty, etc., the centre softens 
or even forms a cavity (cavernous cancer). If fatty metamorphosis pre¬ 
ponderates strongly over simple atrophy of the cancer-cells, the cancer 
thereby becomes softer, greasy, like butter or pus. 


Not all yellow dry parts of the cancer section depend upon the changes mentioned. 
They are not infrequently only changed portions of the normal tissue: e.g., in the 
gland-ducts of the mamma tilled with colostrum, in the lungs and bronchi with 
thickened secretion, or in thrombosed vessels. 

The causes of the above metamorphoses are most often atrophy of the cancerous 
vessels, sometimes numerous small hemorrhages. According to Wedl ( Wien. Sitz- 
ungsber., 1859, XXXVII., p. 205), the so-called carcinoma reticulatum is dependent 
upon the bloodvessels which have suffered cancerous metamorphosis and are infiltrated 
with fat. 

Both metamorphoses are followed by destruction of the cancer-cells and 
their resorption, and in their higher degrees they are the conditions of the 
umbilicated state or atrophy of the cancer. 

The umbilical formation of cancer-knots consists in the formation of one 
or a few deep peripheral pits, which occurs especially in cancers of the 
mamma and liver, more rarely in those of the lungs, stomach and intes- 
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tines. In the mamma there sometimes arises at the same time a cicatri¬ 
cial retraction of the larger milk-ducts, and hence traction upon the 
nipples, and a sinking in of the latter. The skin is firmly attached to 
these cancers, otherwise normal; the serosa is rarely normal, for the most 
part thickened, rich or poor in vessels. On their cut surface the umbili- 
cated knots always show a higher degree of fatty metamorphosis and simple 
atrophy of the cancer-cells ; in the centre also there is often an abundant 
fibrous substance, i.e. cancer-tissue, the cells of which, after the above 
metamorphoses, are for the most part or wholly resorbed, while the stroma 
remains. 

The so-called atrophic carcinoma, according to many, the so-called 
scirrhus, arises if the cancer is not too rich in cells and the alveoli small, if 
fatty metamorphosis and simple atrophy gradually affect all the cancer- 
knots, and if there follows a resorption of the fatty and simple detritus. 
The affected, organ is then not enlarged, but has generally, or at the point 
affected a smaller volume, is here often depressed, firmly attached to the 
subjacent skin, and feels like a hard cicatrix. The sinking in is sometimes 
so much the more marked, if there occurs in the surrounding structures an 
hypertrophy of other tissues, e.g ., of the fat-tissue. On section, there is 
seen sometimes only cicatricial tissue, sometimes, besides, a pale, lardace- 
ous hard substance (so-called cancer lardace), rarely, most often in the peri¬ 
phery, a softer cancer-tissue, which is unchanged or undergoes fatty and 
simple atrophy. The appertaining lymph-glands are sometimes likewise 
atrophic, sometimes distinctly carcinomatous. 

These changes occur most often in older people, in cancers especially of 
the female mamma and of the stomach, more rarely of the lymph-glands, 
pleurae, in epithelial cancers (see p. 481)). Their course is for the most 
part very chronic, lasting from 10 to 20 years. 

OE many cases especially of the stomach and mamma, even after careful microsco¬ 
pic examination, it remains doubtful whether they belong here, or whether they 
represent chronic inflammations with strong cicatricial formation or with simultane¬ 
ous glandular hypertrophy. 

Mucous metamorphosis of cancer-cells is the condition of a varied appear¬ 
ance of the cancer, according to its extent, its degree, and the consecutive 
changes of the stroma and vessels. It is most frequent in cylinder-cell 
cancer. Here it is observed in two different degrees. 

A slight extent of mucous metamorphosis, and its diffusion over 
all or most of the parts of the cancer, is quite frequent and is the condition 
of the mucous character of the cancer-juice. Its quantity varies: some¬ 
times it is so small, that the known creamy character of the juice is little 
affected ; sometimes so great that the mucous character immediately becomes 
distinctly marked. The latter sometimes extends uniformly over the whole 
cut surface, sometimes it is found only in isolated pai*ts of it. 

High degrees of mucous metamorphosis are the condition of the so- 
called COMBINATION of common and gelatinous cancer. 

In the lower stages of this degree, isolated and sharply circumscribed 
portions of the cut surface are found remarkably pale, and soft; from them 
there flows a thin or thick mucous liquid, as clear as water or filled with 
fine yellow points. The remaining portions of the cancer behave in a nor¬ 
mal manner, or show here and there simple atrophy or fatty metamorpho¬ 
sis. 

In the higher stages there are commonly observed in various portions of 
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tlie cancer and quite irregularly distributed, very small, to the size of a pea, 
or bean and larger, rounded or irregular, grayish white, greenish, or yellow 
punctated spots, which are somewhat prominent over the cut surface. They 
correspond to cavities, which are filled with mucous masses. In most cases 
the superficial extent of these mucous cavities is small. Sometimes, how¬ 
ever, the mucous cavities so greatly exceed in extent the unchanged por¬ 
tions of the cancer, that the latter may easily be overlooked. The former 
then are not infrequently of the size of a walnut and larger. Their form is 
rarely round, for the most part irregular. The mucus contained in them, 
after section, wells up over the surrounding structures, and is for the most 
part very tenacious. Mucous metamorphosis occurs in these high degrees 
sometimes only in primary cancer, especially in those of the stomach, some¬ 
times also in some or all secondary cancers. It rarely occurs in the latter 
alone. 

Mucous metamorphosis of cancer-cells shows microscopically no essen¬ 
tial distinction from the mucous metamorphosis of physiological cells. 
(See p. 332.) In its higher grades there results atrophy of the cancer- 
stroma, and especially of the vessels. 

The stroma of the degenerated portions is liable to changes, which in them¬ 
selves have no peculiarity, but which, on account of their similarity with gelatinous 
cancer, deserve an especial consideration. They are only the consequences of the 
considerable increase of the contents of the alveoli through mucous metamorphosis 
of their cells. The alveoli are commonly oval or round, almost never present disten¬ 
tions, or otherwise irregular forms ; they are for the most part very large. The 
stroma itself, in the degenerated parts, is very slight; its fibres are no longer 
wavy, but stiff, and therein is still distinctly fibrous, or it presents fibre-like folds or is 
entirely homogeneous. Its corpuscles are in all cases very small and undeveloped ; 
very often there is observed in their place spindle-shaped or filamentous accumula¬ 
tion of fat-drops, or they appear to be entirely absent. Vessels occur within the 
stroma very rarely. Finally, in the middle of many large mucous spaces, the stroma 
is entirely absent: there is observed in the peripheral portions the already described 
relations of the trabeculoe of the stroma; toward the middle, the latter become 
gradually smaller, and terminate for the most part in free and fine-pointed ex¬ 
tremities. 

Gelatinous cancer, colloid cancer, alveolar cancer (mucous cell 
cancer) is that form of cancer, in which, in place of the common cancer- 
juice, there occurs a grayish white, clear or slightly clouded, mucous or 
gelatinous, liquid or tenacious substance (hence the names gelatinous and 
colloid cancer, gum-cancer), and where the stroma offers for the most part 
an exquisite alveolar structure, visible to the naked eye (hence the name 
alveolar cancer). The further peculiarities of this cancer are : its occur¬ 
rence confined for the most part to certain organs (stomach, large intestine, 
peritoneum,—uterus, mammary glands), its usual appearance in form of an 
infiltration, its considerable size, its slight tendency to secondary deposits. 

All these peculiarities are, however, not sufficient to make us regard gelatinous 
cancer as a distinct species of cancer. The following grounds make it much more 
probable, that it (with the exception of the rare cancer with mucous framework, see 
p. 481) is no other than a common cancer in the highest stage of mucous metamor¬ 
phosis : 

1. The microscopical elements of the gelatinous portion of colloid cancer, and the 
substance of cancers which have undergone mucous degeneration, are perfectly 
similar: they are cells in high degrees of mucous metamorphosis, and their remains. 

2. Chemical investigation demonstrates no essential differences. 

•'>. The stroma of colloid cancer shows no difference from that of cancers which 
have suffered a high degree of mucous degeneration. It is sometimes distinct 
maorosoopically, sometimes presenting cells of large size, sometimes microscopically— 
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distinctions which are also shown by common cancers. It is peculiarly rigid and 
homogeneous, contains indistinct connective-tissue corpuscles which have suffered 
fatty degeneration or simple atrophy, and very few vessels or is entirely deprived of 
vessels,—peculiarities which are explained by the considerable distention of the 
stroma by the increase in volume of the alveolar contents. 

4. Colloid cancer and common cancer show a perfectly similar development and 
the same conditions of growth. 

5. Colloid cancer likewise frequently occurs pure, as well as in combination with 
common cancer. The combination occurs in different ways: either there is present 
in the periphery of colloid cancer a small or broad layer of common, for the most 
part soft cancer ; or with a primary colloid cancer there are found as secondary, some¬ 
times colloid cancers and common cancers, sometimes only the latter. 

G. The greater benignity of colloid cancer, which is evidenced by the for the most 
part slight secondary deposits, by its chronic course, etc., is in consequence of the 
destruction of the cancer-cells through mucous metamorphosis, atrophy of the 
stroma and especially of the vessels. 

According to many, every colloid cancer is dependent upon a mucous character of 
the stroma, thus a mucous FRAMEWORK cancer (in opposition to the mucous cell 
cancer assumed by the author). This is held by Virchow and others. According to 
FdRSTER, a combination of mucous framework cancer occurs with mucous cell can¬ 
cer. A similar view is held by F. E. Schulze (Arch. f. microsc. Anat ., I.. p. 836). 
According to W. Muller (Beoh . d. path. Inst., zu Jena, 1871, p. 481) colloid devel¬ 
opment is likewise independent of epithelial elements, and is peculiar to interstitial 
tissue. The alveolar structure is explained by this, that only the looser connective 
substance ensheathing the smaller vessels is the seat of the development of mucous 
tissue. Rindfleisch (Lehrb. d. path. Hist., 1873, p. 144) regards colloid sub¬ 
stance as an accumulation and metamorphosis of amorphous formative substance. 
A peculiar theory of colloid cancer has been advanced by Stradomsky. According 
to Recklinghausen and Koster (1. c., p. 70), colloid cancer is also developed from 
the endothelium of the lymphatic vessels. According to Doutrelepont (Arch. f. 
kl. Chir., 1870, XII., p. 551), neither the cancer-cells nor the stroma furnish the gela¬ 
tinous matter, but the material out of which in common carcinomata the young cells 
have their origin, enters under the influence of the cancer-cells into gelatinous degen¬ 
eration.—Consult on the other hand Waldeyer (1. c., 1872). 

Calcification of cancer-cells 

occurs rarely. It affects only isolated small points, sometimes entii'e can¬ 
cer-knots for the most part, so that these reach a consistence of stony hard¬ 
ness. In its lower grades it is not infrequently combined with simple 
atrophy and fatty metamorphosis of the cancer-cells. Thereby there arises 
a grayish yellow mortar-like substance, in which, besides cells which have 
suffered fatty degeneration and simple atrophy, there are found fat-mole¬ 
cules, crystals of cliolesterin, simple, smoother or concentrically lami¬ 
nated, calcified cells and chalk molecules. (See p. 490.) 

Haemorrhages 

occur, especially in soft and vascular cancers, especially in those of the 
external parts, kidneys, retro-peritoneal glands, and bones. Their impor¬ 
tance depends especially upon the quantity of escaped blood, in part also 
upon its changes. Small effusions of blood into soft cancers, cause only a red¬ 
dish color, like that of raspberry juice, and sometimes a greater consistence 
of the cancer-juice ; those into hard cancers have no influence upon its 
farther course. More abundant and extended 1 Hemorrhages are, on account 
of the resulting coagulation, followed by various degenerations of the cells, 
especially simple and fatty atrophy. The escaped coloring matter of the 
blood undergoes the usual changes. If the effusions are very large, there 
will arise a true haemorrhagic cavity, which consists of blood and destroyed 
cancer-tissue. These cavities finally end in their drying up and the dimi¬ 
nution of the whole cancer, sometimes perhaps in cysts, or they introduce 
the destruction of the cancer. The haemorrhages, which occur on the sur- 
32 
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face of excoriated cancers of the skin and mucous membranes, as well as on 
rhat of villous cancers, are followed for the most part by simple flowing off 
of the blood and, according to its quantity, exert a varying influence on 
the whole organism. 

The causes of haemorrhages lie partly perhaps in an original delicacy of the vessels, 
partly in their metamorphoses. 

(Edema of cancer 

occurs sometimes in cancers during general dropsy, as well as in cancers 
on the extremities and in internal organs in local oedema. The changes 
resemble those of other oedematous soft parts. The cancer-cells behave in 
the same manner as after artificial addition of water. 

Softening of cancer 

occurs sometimes as an isolated process, sometimes simultaneously with 
fatty or mucous metamorphosis of the cancer-cells or with formation of pus 
in the cancer. In the former case, it manifests itself, especially as cancer 
of the superficial portions of the skin and mucous membrane; as well as 
the central portions of the cancer-knots in parencliymata, with a for the 
most part diffuse diminution of consistence. It has its basis in an 
increase, or new-formation of liquid intercellular substance, and in an 
oedematous swelling of the cancer-cells. The latter become larger, more 
round and spherical, the cell-membrane becomes more indistinct, thinner, 
and then disappears entirely ; etc. The consequences of softening consist 
especially in the introduction of decay and ulceration of the cancer. 

The causes of softening are especially disturbed circulation (pressure upon and 
thrombosis of the veins). 

Formation of pus 

is very rare in the interior of cancer, but it occurs more often on its sur¬ 
face. It is sometimes so slight that it is recognizable only by microscopical 
examination, sometimes so great that it is visible to the naked eye. It is 
sometimes diffuse, sometimes there are formed abscess or cyst-like cavities, 
e.g., in the mamma. The internal surface of these cysts is sometimes cov¬ 
ered with growths like granulations. 

The mode of origin of the pus, as well as its point of origin (cancer-cells or stroma), 
has not yet been certainly shown. 

Superficial decay of cancer, cancer-ulcer. 

After a longer or shorter existence of cancer of extended organs, especially 
of the skin and digestive mucous membrane, its surface almost constantly 
decays, and there arises the so-called cancer-ulcer. 

The cancer-ulcer offers in part different characters in different organs. 
The liquid covering it, its so-called secretion, resembles either common 
cancer-juice, or it is serous, more rarely sero-purulent, often colored red or 
brownish by blood, without odor, or with an odor which remains long on 
the lingers which have been engaged in the examination of it, and which 
infects the atmosphere (cancer-ichor). At the same time, it often contains 
particles of cancer tissue. The base of the ulcer is of very varying size and 
form, according to the size of the cancer-mass and the age of the ulcer. At 
first it resembles a simple erosion exposing the cancer-tissue. This increases 
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continuously in extent and depth, or new erosions are formed, which often 
coalesce. Finally, the ulcer is of a gray, reddish, greenish, or blackish 
color, rarely smooth, for the most part entirely irregular, superficially or 
deeply fissured, soft or gangrenous. The cut surface of the base and walls 
shows the common or somewhat softened cancer-structure. Simultaneously 
with the decay there grow on the base of the ulcer sometimes new, more or 
less villous masses, which sometimes have the character of luxuriant granu¬ 
lations, sometimes that of villous cancer. After a longer or shorter exist¬ 
ence these also decay, for the most part with the immediately adjacent 
cancer-surface: the ulcer thereby increases in depth, quickly extends or 
pushes out new growths. 

.Most often death appears during these processes. In other cases the 
cancer-mass may, by excess of decay over the peripheral enlargement, be so 
completely separated that remains of the earlier cancer can be found only 
in the borders, or so completely that the ulcer resembles a simple chronic 
idcer passing into cicatrization. Whether thereby a complete healing can 
be effected, is very doubtful. 

The remaining peculiarities of cancer-ulcer depend in part upon the essential or 
accidental admixtures (gastric juice, remains of food, urine), in part upon the action 
of medicaments. 

Many cases of so-called ULCUS tiiaged.enicum s. corrodens of external parts as 
well as of the uterus, are only cancer-ulcers in which the new-formation in the base 
of the ulcer is very small, and sometimes only microscopically demonstrable. 

Decay, in many cases, affects not merely carcinomatous parts, but also the sur¬ 
rounding textures. 

The causes of decay are: chiefly the forcing apart of the normal tissues by the 
new-formed cell-masses, upon which is dependent in part the enlargement of old 
alveoli, in part the formation of new ones ; also the cancerous degeneration of the 
superficial tissue-layers, whereby the protecting epithelium becomes lost, and the air, 
secretions of mucous membranes (especially gastric juice), etc., act upon the cancer. 

The consequences of cancerous decay are : re-dilatation of formerly con¬ 
tracted parts, especially important in the oesophagus, stomach, intestine ; 
evacuation of particles of cancer : by vomiting, coughing, the stools, etc.; 
perforations of serous membranes (with consequent inflammation), of vessels 
(with slight or colossal and fatal hsemorrhages, e.g., from the aorta in cancer 
of the oesophagus), from adjacent hollow organs (thereby giving rise for the 
most part to simple, more rarely multiple fistula: ); marasmus, in conse¬ 
quence of the continuous flow of cancer-juice, in consequence of capillary 
and other haemorrhages. 

As CYSTIC CANCERS 

are designated many, and, in appearance and origin, different forms: 

1. Cancers, which are developed in cysts or cystoids, either by the cyst- 
wall becoming carcinomatous, or by the simultaneous formation of villous 
cancers of varying size and kind on the internal surface of the cyst-wall; 
they occur especially in the ovaries, rarely in the mamma, testicles, and 
bones; 

2. Cancers, in which, after previous mucous metamorphosis of the cancer- 
cells, there occurs a formation of for the most part small, rarely of the size 
of a walnut, at first irregularly villous, later smooth-walled, cyst-like spaces, 
filled with a clear or clouded mucous liquid; care, cysticum colloides (op¬ 
posed to c. cyst, butirinicum); they are found in the stomach, liver, lungs, 
bones, etc.; 

3. Cancers, in which some portions of the normal organ are, in consequence 
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of the cancer itself, transformed into cysts, e.g. the larger milk-ducts and 
the acini of the female mamma ; 

4. Cancers, which show a glandular structure, and contain cavities with 
mucous liquid : cancroids with mucous cysts. 

B. ENDOTHELIAL CANCER. 

Endothelial cancer, in its general properties (infiltration or tumor, 
color, consistence, etc.), is similar to epithelial cancer, and has hitherto been 
almost always confounded with it. Microscopically, it shows cells which 
greatly i*esemble those of cylinder-cell cancer. The alveoli, in which 
these cells are imbedded, are distinguished, sometimes not essentially from 
those of common epithelial cancer, sometimes they are distinguished as 
reticular and anastomotic, and herein reminding one of a net-work of nor¬ 
mal, very fine lymphatic vessels. 

Endothelial cancer arises through increase of the endothelium of the 
lymphatic vessels, of different localities (skin, serous membranes,—perhaps 
also lymph-glands, testicles,brain, etc.). The endothelial cells increase, not 
only in number in varying proportions, but also change their form, etc., 
so that they become similar to cylinder- or gland-cells. 

Endothelial cancer occurs sometimes pure (serous membranes, skin); at 
other times it is combined with epithelial cancer, in such manner, that a 
cancer proceeding from the epithelium of the skin or mucous membrane 
penetrates into the finest lymphatic vessels, and from here extends further. 
The latter appear to take place most often in the testicles and in serous 
membranes (e. g. pulmonary pleura). 

Recklinghausen (Arch. f. Ophthalm. , 1864, XII., p. 70) first advanced the theory 
that the cancroid processes were the club-shaped swollen extremities of the lymphatic 
vessels, and thus had their origin, that either the cell-growths entered directly into 
the lymphatic vessel and formed casts of it, or that a mixing of these cells with 
growths of the endothelium of the lymphatic vessels occurred, while an increased 
production of this endothelium alone could transform the lymph-roots into cancroid 
processes. (Consult also Sitzgsber. d. Wurzb. phys.-med. Ges., 1865-66). Koster 
( Virch. Arch., 1867, XL., p. 468. DieEntwickdung d. Carcinome, etc., 1869) has con¬ 
ducted these investigations farther. According to these authors, anastomoses of the 
cell-cylinders or cancer-processes are found in all cancers of the skin; these very often 
form net-works, which, in form and mode of extension, are casts of the net-work of 
lymphatic vessels, and in which there still often exists a central lumen. The cell- 
cylinders represent changed lymphatic vessels, the first cancer-cells are the more or 
less changed endothelial cells of the lymphatic vessels. K. goes so far as to deny a 
direct relation between cancer and hypertrophy of the glands and hair-follicles. Ac¬ 
cording to K., colloid cancer also is most probably developed within the lymphatic 
vessels. 

It is still doubtful whether Koster’s view, to this extent, is right. A certainly 
opposing case, recorded by Pagenstecher ( Virch. Arch., 1869, XLV., p. 490), be¬ 
longs to endothelial cancer. It concerns a cutaneous ulcer, similar to cancroid, on 
the nose ; the finest lymphatic vessels of the skin and subcutaneous connective tissue, 
and the larger vessels between the muscles, were filled with epithelial-like cells, which 
P. derives from the endothelial cells of the lymphatic vessels. The epidermis, hair- 
follicles, etc., were normal. 

Also, the cases described by Ebertii ( Virch. Arch., XL1X., p. 51) and Arndt 
( lb., LI., p. 495) as epithelioma, or cancroid of the pia mater and subarachnoidal 
spaces, are quite positively to be included here ; also Rindfleisch’s (Lehrb ., 3. Aufl., 
p. 614) so-called carcinoma cerebri simplex, which proceeds from the cells of the 
adventitia of the vessels of the pia; also Classen’s (lb. L., p. 37), as well as 
Perl’s ( lb ., LVI., p. 437), cases of epithelial cancer of the lungs, pleura, etc. Prob¬ 
ably also many tumors of the testicles, brain, lymph glands, etc., belong here, which 
YValdeyer (Virch. Arch., 1872, LV., p. 67) derives from the so-called perithelial 
cells of Eberth, i. e., the most external adventitial cells of the vessels. They repre- 
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sent for the most part very soft medullary masses, which consist essentially of a vas¬ 
cular plexus, the vessels of which have a thick epithelial-like cell-envelope, and look 
like strong, anastomosing cellular pouches. Between these cell-cylinders there may 
be developed sarcomatous, myxomatous, etc., intervening tissue. W. calls these 
tumors PLEXIFORM ANGIOMATA. 

Consult also Robin’s epithelioma of the serous membranes, Golgi’s endothelioma 
(see p. 431), and Kundrat, Oestr. Jahrb., 1871, 2. H. 

We have observed in the pleura two cases of primary endothelial cancer : one has 
already been published {Arch. d. Heilk ., 1870, XI., p. 500); the other came under 
our treatment as a chronic exudation of the pleura, and at the autopsy was found to 
be essentially similar. 


C. CONNECTIVE-TISSUE CANCER. 

Connective-tissue cancer has sometimes the form of a circumscribed or 
diffuse tumor, sometimes that of an infiltration. 

Microscopical examination of connective-tissue cancer shows number¬ 
less cells, which are in general similar to colorless blood-corpuscles, but are 
not infrequently larger and contain one remarkably large nucleus, or many 
nuclei, or only free nuclei. The cells and nuclei lie singly or in small number 
in small, for the most part irregular spaces of the stroma, which are nowhere 
like gland-ducts. The stroma resembles, in its small number of cells, com¬ 
mon loose or firmer connective tissue, in which are sometimes found more 
strongly thickened vessel-walls, or remains of the original tissue. If, on 
the contrary, the cells are very abundant, there is a manifold similarity 
with common or hyperplastic cytogenic tissue. It is for the most part very 
vascular. 

From these characters it follows that at the present time there are no 
strict histological peculiarities of connective-tissue cancer, that it, especially 
when very vascular and deficient in stroma, cannot, or only with difficulty, 
be distinguished from many sarcomata, especially those characterized by 
round and small cells, or those which are granulation-like or lymphoid, also 
from many hyper- and heteroplastic developments of cytogenic tissue, from 
many gliomata, sometimes even from many infiltrations of pus, etc. Con¬ 
nective-tissue cancer stands to many sarcomata, gliomata, etc., in the same 
relation as glandular cancer to many adenomata. In both cases the beha¬ 
vior of the lymph-glands, if they are not primarily affected by the cancer, 
is important: their increased swelling occurs almost oidy in cancer of the 
respective peripheral parts. At the present time, the notion connected 
with cancer is especially clinical, not anatomical. 


Hitherto all the efforts of pathological anatomists to give a precise histological 
character to cancer, especially to connective-tissue cancer, have been fruitless : clini¬ 
cal and pathologico-histological interests have not yet been united. Especially do so 
numerous transitions seem really to exist between the so-called benign and malignant 
new-formations. that a fixed limit between them is at present, and perhaps always 
will be, impossible. We have already made this apparent in the consideration of 
fibromata, myxomata, enchondromata, sarcomata, the new-formation of cytogenic 
tissue, adenomata. If the new-formation of small round cells in the above-mentioned 
tumors (on the adenomata, see p. 473) is so considerable that the type of the original 
new-formation is macroscopically and microscopically obliterated if the earlier, for the 
most part circumscribed new-formation becomes diffuse and extends to the various 
circumjacent tissues and organs; if in consequence of various causes the new-forma¬ 
tion decays; if the lymph-glands become affected in like manner ; if metastases occur 
through breaking of the new-formation into the veins,—then they, in a clinical sense, 
have become cancerous. 

All the characters above given hold good, more or less perfectly, of a series of new- 
formations, to which practitioners apply the term cancer, while the names given by 
pathological anatomists vary greatly. We first described a peculiar case of this kind 
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as “heterologous tumorous new-formation of cytogenic substance” (Arch.f. phys. 
Heilk. , 1858. p. 123 ; Schmidt's Jcthrbh. , 1859, CIII., p. 109 ; see also Arch. d. Heilk., 
1805, VI., p. 44). Billroth’s “ cancer with a structure similar to that of the lymph- 
glands” ( Virch. Arch., 1800, XVIII., p. 82) likewise belongs here. The same is true 
of Langenbeck’s so-called “ scrofulous sarcomata,” of some cases by Lambl and 
O. Weber. Virciiow later ( Die krkh. Geschw ., II., p. 728) introduced the now 
quite generally adopted, and in many ways ambiguous, name “ LYMPHO-SARCOMA ” 
(sarcoma lymphomatodes s. lyinphaticum). The tumors described by Lucre (D. Z. 
f. Ohir ., 1873, II., p. 199) as medullary sarcoma of the lymph-glands (most' often of 
the axilla, of the inguinal region, more rarely of the neck, also of the region of 
the tonsils) likewise belong here : L. proposes therefor the name lymphoma (the 
latter he calls lymphoid). Vide infra. 

IIirsciiberg (IJer Markschwam.n der Netzhaut , 1869) has almost certainly demon¬ 
strated the identity of glioma retinas with the medullary cancer (fungus medullaris s. 
haematodes oculi) of the older authors. Glioma advances along the optic nerve into 
the cranial cavity, or forward into the anterior chamber of the eye, etc., not infre¬ 
quently attacks the cranial bones and the skin in the vicinity of the eyes, later the 
lymph-glands on the parotid and on the angle of the inferior maxilla, is the origin of 
metastases to the liver, etc., and often returns after extirpation. It is not infre¬ 
quently bilateral. 

On account of enlargement of the spleen, and often also of the lymph-glands, and 
on account of the general symptoms, etc., which, with exception of the increase of 
the colorless blood-corpuscles, resemble those of leucocythsemia, some cases are de¬ 
scribed as pseudo-leucocythsemia (Coiinheim), others as lymphatic anaemia (Wilks). 

The origin of connective-tissue cancer agrees in general with that of 
other cellular new-formations proceeding from connective tissue. It takes 
place by far most often from the corpuscles of connective tissue of every 
kind, and of various normal and pathological tissues. 


By repeated division of the connective-tissue corpuscles there are formed at first 
indifferent cells, which always remain so or later acquire more determined forms. 
Or, by endogenous formation there arises a mass of nuclei, which soon lose their 
envelope of the connective tissue corpuscle; the nuclei are then transformed into 
cells, etc. Essentially in the same manner is connective-tissue cancer developed in 
osseous tissue : the basis substance of the bones, in the vicinity of the young cancer- 
focus, for the most part along the vessels, loses its salts and is transformed into a 
fibrous tissue. Probably in an entirely similar manner is the development of cancer- 
cells from colorless blood-corpuscles effected (in thrombi), also from the nuclei of the 
capillaries, of the sarcolemma, etc., as well as the so-called metamorphosis of new- 
formations of other kinds (fibromata, cysts, sarcomata) into cancer. In many cases 
cancer is developed from many tissues simultaneously. 

The stroma of connective tissue cancer consists at first of connective tissue, the 
corpuscles of which produce cancer-cells, or of atrophic tissues of other kinds, e. g ., 
glandular substance. Later, the stroma in many cases is formed probably from the 
increasing connective-tissue corpuscles. 


The growth of connective-tissue cancer takes place, for a small part, by 
increase in size and number of the old cancer-cells (by division and endo¬ 
genous formation), as well as by formation of new cancer-cells in the 
stroma. For the most part the growth is peripheral: the immediately 
adjacent tissues are layer by layer transformed into cancer, entirely in the 
same manner as in the first formation of the cancel*. 

Connective-tissue cancer may present two varieties, which are for the 
most part strictly separable, but sometimes, even in the same case, in 
different organs or in the same organ, even in the same knots, they pass 
into one another: the hard and the soft connective-tissue cancer. 

a. The hard connective-tissue cancer, scirrhus, fibrous cancer 
(chondroid cancer, carcinoma fibrosum, squirrhe ligneux, etc.—hard lympho¬ 
sarcoma). 
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Hard connective-tissue cancer is cliaractei'ized by this, that the cut sur¬ 
face is firm, sometimes of the same consistence as the normal tissue, some¬ 
times much firmer, fibroid or cartilage-like, and creaks during section. Its 
color is gray, grayish white or grayish red. It is uniformly smooth, like 
lard, or fibrous, a little moist, juieeless, or lets exude a scanty serous liquid, 
or here and there, rarely throughout, a scanty milky juice. Cancers of 
this kind are more usually small, for the most part infiltrated ; they are 
sometimes rounded, sometimes they present on the periphery processes of 
varying number and length. Their growth is for the most part slow. 
They occur primarily especially in the mammae, and in the groups of lymph- 
glands in the neck, mediastinum, etc., more rarely in the spleen, bones, etc., 
secondarily in the lymph-glands, serous membranes, lungs, liver, kidneys, 
etc. The secondary cancers are sometimes hard, sometimes and more often 
soft. This form of cancer passes by increase of cells, etc., into medullary 
cancer; on the other hand, a medullary cancer may be transformed into 
scirrhus (vide inf ra). 


Hard connective-tissue cancer is histologically less characteristic than the soft. 
Especially is a confusion possible with many atrophic epithelial cancers (see p. 489), 
with many tubercles and syphilomata, with atrophic lymph-gland tumors, etc. Pro¬ 
bably there belong here many cases by Hodgkin ( Med.-Chir. Tram., 1882. XVII., p. 
68), Wilks (Guy's Hosp. Hep., 1856, C. II., p. 117; 1859, V., p. 115 ; 1805, XI.. p. 
50) and others. Also the case’by Wunderlich and the author (1. c., 1858;, that by 
It. Maier (Arch. d. Heil/c., 1871, XII., p. 148), that by Langiians ( Virch. Arch., 
1872, LIV., p. 509). The new-formations of the lymph-glands and spleen are best 
known histologically. According to Virchow and Langiians, these and the folli¬ 
cles of the spleen are considerably enlarged, become hard and stiff ; the microscope 
shows an increase of lymph-cells, a thickening of the old, and formation of new reti¬ 
culum, often true connective tissue ; the surrounding structures are not affected, but 
suffer only from pressure. Our own case was somewhat different. Especially char¬ 
acteristic is the encroachment of the structure mentioned of the part first affected on 
the surrounding textures, whether connective tissue, or fat-tissue, or muscular, or 
osseous tissue, etc. 

b. Soft connective-tissue cancer, medullary cancer (enceplialoid, 
soft cancer, cellular cancer, etc.—soft lympho-sarcoma). 

Soft connective-tissue cancer is characterized by its cut surface, which is 
homogeneous, whitish, grayish-white, or of various shades of red, and not 
infrequently also here and there speckled red or yellow. It is usually 
soft in the most varying degree, to the consistence of the foetal brain, 
more rarely harder. It is perfectly homogeneous, or only here and there 
indistinctly fibrous. On scraping there is everywhere given off, and uni¬ 
formly, a for the most part abundant liquid, which is rarely slightly 
mucous, for the most part creamy or milky, increasing in proportion to the 
length of time elapsing between extirpation or death and the examination. 

Soft connective-tissue cancer usually forms tumors, of sometimes con¬ 
siderable size. It is found in all organs which contain connective 
tissue, especially the loose variety, and appeal's always to arise from this, 
but then grows by substitution into the remaining portions of the organ. 
The localities most frequently affected are : the intermediate tissue of the 
various tissues, organs, and parts of organs, the subcutaneous and inter¬ 
muscular tissues, the periosteum and endosteum, the retro-pharyngeal and 
retro-peritoneal connective tissue, the looser connective tissue around the 
salivary and milk-glands, around the kidneys, the adventitia of the bronchi, 
the capsule of the kidneys and lymph-glands, the interstitial connective 
tissue of the organs last mentioned, probably also the mamma, salivary 
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glands, liver, lungs, muscles. Medullary cancer occurs at all ages, but 
especially in the first and later years of youth. 

We ourselves have observed its occurrence in most of the above-mentioned locali¬ 
ties. (More exact data are given in another place.) Virchow found soft lympho¬ 
sarcoma most frequent in the cervical glands, whence it passes to the lymph-glands 
of the axilla and mediastinum ; also in the persistent thymus gland. 

Metastases follow, according to ViltCHOW, especially to the spleen, more rarely to 
the liver, lungs, kidneys. 

To soft cancer there likewise belongs a series of cases, which have for the most 
part received other names : besides those given above, by Billroth, the author, 
Virchow, the case by Cohnheim ( Virch. Arch ., XXXIII., p. 452), Eberth {lb., 
LIX., p. (id), many cases of so-called sarcoma carcinomatodes (Virchow). 

The occurrence together of connective-tissue cancer on the one hand, and 
epithelial and endothelial cancer on the other, has not yet been observed. 

The metamorphoses of connective-tissue cancer, its influence on organs 
and on the whole organism, resemble those of cancer in general. 

XIV". CYSTS, OR ENCYSTED TUMOR. CYSTOMA. 

Hodgkin, Med.-Chir. Transact., 1829, XV., p. 2G5. — Koiilratjscit, Mull. Arch., 
184d, p. 365. — Frericiis, Ueber GaUert-u. Volloidgeschwiilste, 1847. — Brucii, Ztschr. 
f. rat. Med. 1849, VIII., p. 91. — Rokitansky, Denkschr. d. Wien. Acad., 1849, I.; 
Wochenbl. der Zeitschr. d. Wien. Aerzte, 1855. — Mettenheimer, Mull. Arch., 1850. 
— Steinlin, Ztschr. f. rat. Med., 1850, IX.— Virchow, Ztschr. f. wissensch. Zool., 
1850; Wurzb. Verb., V., p. 401; Verb. d. Berl. Ges. f. Gcburtsh., 1848, III. ; Arch., 
V., p. 216; VIII., p. 371 ; Deutsche Klin., 1859, p. 196; Die krkh. Geschw., I., p. 
155. —Lebert, Gaz. de Paris , 1852, No. 46, 51 et 52 ; Drag. Vjsch., 1858, LX., p. 
25. — Martin (and Forster), Ueber die Eierstockwasscrsnchtcn, 1852. — Meckel, 
Jlhistr. med. Zeit., 1852. — GiraldSs, Mem. de la soc. de chir., 1854. — Wernher, 
Vireh. Arch., 1855, VIII., p. 221.— Beckmann, Virch. Arch., 1856. IX., p. 221. — 
Heschl, Frag. Vjschr., 1860, IV., p. 36. — Klebs, Virch. Arch., XLI., p. 1. —Fox, 
Med.-Chirurg. Transact., 1864, XLVII., p. 227. — Bottciier, Virch. Arch., XLIX., p. 
297. — Waldeyer, Arch. f. Gyndkol., 1870, I., p. 252. 

Cysts are tumors, which, consist of an inclosing fibrous sac, of simple or 
very complicated structure, and lined by an epithelium (or endothelium) 
and with more or less fluid contents. The latter easily distinguish 
cysts from all other tumorous new-formations; the former are called 
hollow tumors, in contrast with the latter, the filled tumors. 

Therefore from the cysts are excluded : those spaces in connective tissue which are 
filled with serous liquid ; the cyst-like incapsulation of foreign bodies and parasites ; 
the cj'st-like tumors, which consist of mucous tissue. Bottciier {Dorp. med. 
Ztschr., 1871, I. ,4. H.) describes larger and smaller “ cysts ” in the spleen, which 
had arisen from small points of softening, dependent upon a high degree of lardace- 
ous degeneration of the arteries. The cyst-like cavities appearing in many tumors, 
the contents of which vary, but are for the most part thin, serous, or mucous, to 
which a special sac or cyst is wanting, likewise do not belong here ; this condition is 
called CYBTOID metamorphosis. 

A small portion of cysts are, from their first appearance, new-forma¬ 
tions : properly so-called oystomata. The largest portion arise through 
tumorous accumulation of liquid (transudation, secretions of every kind, 
mucus, exudation) in natural or new-formed cavities: so-called hygroma, 
oedema, etc. This accumulation of liquid is dependent upon various 
causes, and of itself presents no peculiarity ; it gives rise to cysts only by 
accumulating in cavities, which are closed or later become so. Hereupon 
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cysts, on the one hand, pass into dropsies (e.g., hydrocele, spina bifida, 
hydrencephalocele), on the other hand, into inflammations (many cases of 
hydrocele, of cerebral softening), as well as into metamorphoses ( e.g ., 
mucous metamorphosis of the labial glands, colloid metamorphosis of the 
thyroid gland). But in the greater number of' these cases there is associ¬ 
ated with the abnormal accumulation of liquid, etc., a new-formation of con¬ 
nective tissue and vessels, and a new-formation, or enlargement, or change 
in form of the epithelial or endothelial cells. For this reason, but 
especially from practical considerations, it is proper to include cysts among 
the new-formations. 

Cysts which arise through new-formation, as well as those which owe 
their origin to a transformation of pre-existing physiological hollow spaces, 
in many cases differ greatly from one another, in others pass in many ways 
into one another. 

Cysts are of frequent occurrence, and have been found in all organs and 
tissues. 

A. With respect to the origin of cysts there are distinguished : 

1. Cysts which proceed from the transformation of normal hollow 
spaces. 

The hollow spaces concerned contain, at the beginning of the cyst-forma¬ 
tion, either a tolerably indifferent liquid (serum, mucus) which in the 
transformation of the hollow space to a cyst suffers only slight changes. Or 
their contents consist of a specific secretion, e.g., milk, bile, urine, etc., or it 
consists of blood. This substance diminishes with the further development 
of the cyst and finally disappears for the most part entirely, while, at the 
same time, the liquid of the cyst is discharged from the vessels, oi is formed 
by its epithelium. The cells of the epithelium remain permanent, only 
increased in number; or from them complicated forms arise (glands, hair, 
etc.); or they are changed, for the most part by becoming more flat. The 
wall of the hollow space is thickened (urinary tubuli, bile-ducts) ; or it 
increases almost always in connective tissue and vessels, and loses more or 
less completely its original character. 

a. Cysts which, through enlargement of normal, yet more or less 
closed, serous or mucous sacs : the so-called dropsy of the bursa? of the 
subcutaneous connective tissue (especially in front of the patella), of the 
muscles, sheaths of tendons (so-called ganglion, hygroma gangliodes, tumor 
synovialis, especially on the back of the hand, palm of the hand, dorsum of 
the foot), of the synovial sheaths (so-called synovial ganglion or hydrocele 
articularis), of the sublingual mucous glands, hydrocele vaginalis. Also 
cysts arising in old hernial sacs (hydrocele herniosa, hydrorrhachis externa, 
hydrencephalocele, etc.) belong here. Many include here also common 
hydrocele (accumulation of non-inflainmatory liquid in the tunica vaginalis 
of the testicle), which is warranted only in so far as it forms a distinct 
tumor. In all these cases there occurs an increased secretion of liquid or a 
diminished absorption of it (diseases of the lymphatic vessels) or both. 

Mucous sacs occupy, for the most part, an intermediate position between physiolo¬ 
gical and pathological formations. They arise most often in the superficial or deep 
subcutaneous connective tissue, over parts where the skin is exposed to irritations or 
strong frictions (in front of the patella, where not infrequently there are two mucous 
sacs overlying one another, over the spinous process of the seventh cervical vertebra, 
in front of the prominence of the thyroid cartilage, in front of the hyoid bone, over 
exostoses, growing bone-callus, etc.). Their mode of origin is not certainly known. 
They have for the most part no endothelial covering. 

b. Cysts which arise through distention of closed follicles (in con- 
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sequence of hyper-secretion of the liquid of the follicles (so-called dropsy), 
or of mucous metamorphosis of the epithelium), for the most part with 
hypertrophy of the wall of the follicle: from the Graafian follicles of the 
ovaries, from which many for the most part smaller, and according to many, 
all ovarian cysts have their origin, and from the corpora lutea, also from 
the follicles of the thyroid gland, the Malpighian bodies of the kidneys, 
etc. 

The proof that many ovarian cysts arise from the Graafian follicles, is afforded by 
the discovery of ova in the cysts (Rokitansky and others). Klein ( Virch. Arch., 
XXXVII., p. 504) demonstrated the origin of renal cysts from degenerated Bowman’s 
capsules: they contained gelatinous masses of varying size, in which were fat gran¬ 
ules, various crystals, calcareous grains, and crystals of cholesterin; the vascular 
loops showed various degrees of retrograde formation, often with increase of nuclei. 
According to Rindfleiscii ( Lchrb ., 1873, p. 450), congenital, sometimes very nume¬ 
rous renal cysts, arise from the Malpighian bodies. 

c. Cysts which are formed by transformation of mucous membrane 
channels. These occur for the most part from catarrhs with consecutive 
contraction or complete closure of the excretory ducts; in consequence of 
their closure by inspissated mucus, calculi, cicatrices, etc. Here belong the 
so called false or sacculated dropsies: dropsy of the gall-bladder, hydrorne- 
tra, dropsy of the Fallopian tubes, dropsy of the vermiform process, renal 
dropsy (hydro-nephrosis), dropsy of sacculated bronchiectasiae. All these 
cysts at the beginning contain the common secreted matter, but later for 
the most part no trace of the original contents of the cavity, but usually a 
serous orIsero-mucous liquid; the formerly cylindrical epithelium is for the 
most part transformed into pavement epithelium; the mucous membrane 
becomes like a serous membrane. 

d. Cysts, which arise from complete closure of, accumulation of se¬ 
cretions within, etc., the ducts beyond and within the glands, or even in the 
acini: so-called retention-cysts. The causes of these cyst-formations are 
in part pressure from without, contraction by foreign bodies (concretions, 
etc.), inflammation through formation of cicatrices, valvular formations ; in 
part the causes are unknown. Here belong comedones, milia, and atheroma 
of the external surface of the body, which arise through accumulation of 
the secretion of the hair follicles or of the sebaceous glands, or of both at 
the same time, and through further, in part, complex processes; the rarer 
atheromata of the mucous membrane of the mouth, especially of the hard 
palate; those of the lacume of the tonsils; mucous cysts (or hydatids) of 
the longer mucous glands, especially those of the uterus, stomach, large intes¬ 
tine, urinary bladder, female urethra, antrum of Highmore, larynx, etc.; cysts 
of the bile-duct; also many cysts of the mamma (so called involution-cysts), 
of the salivary glands, especially the sub-maxillary (ranula), of the glands 
of Bartholin, of Cowper’s glands, peptic glands, testicles, kidneys, especially 
the pyramids and pelves, finally the rare cysts of the decidua vera. This is 
true of the metamorphosis of the original glandular contents and glandular 
epithelium as well as in c. 

On the (inconstant) glands of the pelvis of the kidneys, consult TJNRUn {Arch. a. 
Heilk., 1872, XIII., p. 289) and Egli {Arch. f. micr. Aruit., 1873, IX., p. 653). 

e. Cysts which arise from bloodvessels, especially veins, or from lym 
phatic vessels (haemato- and lympho-oystides). These contain either the 
former contents, or a serous liquid. They arise at one time through constric- 
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tions in the course of a vessel (vena saphena—lymphatic vessels of the neck), 
at another time through sacculated, aneurismal or varicose dilatations with 
final constriction of the pedicle (cranial sinus): in both cases there follows 
in the constricted sac a further secretion of serum, etc. 

Krebs ( Hdb . d. path. Anat., p. 95) describes lymph-cysts of the skin, which pro¬ 
ceed from dilatation and constriction of the lymphatic vessels. They were provided 
with a thin, membrane-like serous membrane, which was smooth, glistening and, at 
least in one case, covered with a flat epithelium. Later on, vascular, villous, and 
warty formations, which occasion haemorrhages, may appear on their internal surface. 

f. Cysts which arise in consequence of Alt rested development of f<etal 
organs : cysts on the spermatic cord (remains of the processus vaginalis), 
those on the Fallopian tubes and in the broad ligament (remains of the 
parovarium, Wolffian body and duct, Muller’s duct); the so-called Mor¬ 
gagnian hydatids on the testicles; perhaps also the cysts occurring on the 
epididymis, as well as many cysts on the surface of the liver, near the liga- 
mentum suspensorium (which constantly have a ciliated epithelium), the 
congenital serous cysts or hygromata and dermoid cysts of the cellular tissue 
on the neck and back. 

The cysts in the first portion of the spermatic cord (so-called hydrocele cystica funi¬ 
culi spermatid) arise probably from the so-called corpus innominatum (Girald£s), a 
remains of the Wolffian body and analogue of Rosenmiiller’s organ in the female. 
Here belongs also the very rare origin of cysts in the urachus through further growth 
of the frequently persistent, broad or pedicled dilatations, or, through further growth 
of parts of it. remaining partially open (Lusciika, Virch. Arch. , XXIII., p. 1.— Hoff¬ 
mann, Arch. d. He ilk., XI., p. 873). 

The deeper atheromata of the neck are retention-cysts of the cervical fissures :* of 
the second, if they are connected with the styloid process; of the third, if they 
are situated .on the hyoid bone and the sheaths of the vessels. (Investigations of 
Roser, Heusinger, Virchow, Sciiede.) 

2. Cysts which arise from extravasations of blood (so-called haemor¬ 
rhagic or apoplectic cysts). 

These cysts occur, by the formation of connective tissue in the periphery 
of the extravasation, with or without signs of inflammation, which gradually 
forms an inclosed sac, on the internal surface of which there is produced no 
endothelium or one similar to pavement epithelium, and from which the 
blood is gradually absorbed, leaving behind serous contents, not infre¬ 
quently mixed with the elements of the haemorrhage, pigment granules or 
crystals, etc. Cysts of this kind occur rarely, most often in the brain, 
more rarely under the skin, between the muscles, under the periosteum 
(cephalhaematoma) and perichondrium (othaematoma), on the extremities of 
fractures, in the ovary (cystic degeneration of the corpus luteum), in the 
uterus (polypous lisematoma), in the kidneys, etc.; not infrequently also in 
the blood-coagula of the new-formed vascular connective tissue of the in¬ 
ternal layer of the dura mater (so-called hsematoma of the dura mater). 
(See p. 220.) 

3. Cysts, which are products of primary origin : cystomata proper. 

These cysts proceed either from connective tissue, or analogous cor¬ 
puscles. The latter increase by division or endogenous growth, so that 
there arises a sharply defined mass of young cells. The most external cells 
form the capsule of the future cyst, into which vessels probably grow from 
the surrounding structures; the cells immediately adjacent become the epi- 

* Consult Dalton, Human Physiology, 1875, p. 780 .—[Ed.] 
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thelium of tlie cyst; the most internal, and most of the cells, undergo a 
serous or colloid metamorphosis, the product of which becomes the con¬ 
tents. Here belong perhaps many cysts in the ovary, many cysts in gran¬ 
ular kidney, many cysts of the thyroid gland, bones, parenchymatous 
organs, etc., many dermoid cysts separated from the skin; probably a num¬ 
ber of the cysts in new-formations (fibroma, enchondroma). 

Many include in new-formation cysts also those, where in consequence of atrophy 
in some places, there results a hernial protrusion of a synovial membrane or sheath 
of tendons, which later grows by secretion of liquid and new-formation of vascular 
connective tissue and endothelium (kyste peri-articulaire — hygroma and meliceris). 
Others, with equal right, include these among the cysts formed by constriction. 

Or cystomata are products of true epithelium. Here belong probably 
most cases of ovarian cysts. The epithelium of the wall of a Graafian folli¬ 
cle increases and sends into the limiting stroma protrusions comparable 
to the fcetal pouches, which, by colloid metamorphosis of the central *cells, 
and constriction, become cysts. The latter grow to a varying size, and then 
the same process is repeated in them. 

Thus most ovarian cysts arise not from common ovum-bearing Graafian folli¬ 
cles (see p. 506), but from the more embryonic forms of the epithelium of the ovary, 
similar to Pfliiger’s pouches, which are not transformed into normal follicles, but 
from the beginning into cystomata. 

According to Waldeyer, there are two possibilities, which explain the occurrence 
of epithelial accumulations in the ovary of adults. Either the first beginnings of 
cystomata must be dated back to an early period of development: this is supported 
by the occurrence of small cystomata already in the new-born, and the occurrence of 
larger ones at a comparatively early age. Or there still arise after the period of 
foetal life and after maturity, embryonic forms, beginning folliouiar formations in 
the ovary: this is shown by microscopical observation. 


There probably occur also many subcutaneous dermoid cysts and athero- 
mata through simple inversion of the epithelium of the skin, especially 
through constriction of the epidermal process forming the future hair-folli¬ 
cle. The atheromata are therefore to be regarded as arrested formations of 
the hair-follicle. In dermoid tumors situated at a distance from the skin, 
the closing of the abdominal cavity during fcetal life becomes a matter for 
consideration. 


The occurrence of dermoid tumors in the ovary can be explained by this, that the 
primitive ducts of the renal and sexual organs are not, as has been assumed hitherto, 
derived from the middle, but from the upper germinal layer. (His. Arch. f. microsc. 
Anat ., 1865, I., p. 151.) According to Waldeyer, these cysts are formed similarly 
with those above mentioned ; but the new-formed epithelium assumes an epidermoi- 
dal character. 

According to W. Fox, cysts arise in papillomata and epithelial cancers by the 
growing together of the papillae. 


Of a series of cysts there are some, of which the origin has not yet 
been demonstrated: thus of all more rarely occurring large cysts and cys- 
toids, of the so-called anomalous mucous bursae ( bursa) mucoscv prce-ossece) 
over the spines of the vertebrae, amputation-stumps, luxated and unreduced 
bones, club-feet, etc. 


The same holds true of the so-called heterologous ciliated cysts, i.e ., those which 
are found in parts, in the vicinity of which ciliated epithelium nowhere occurs : e.g., 
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in the abdominal wall over the umbilicus, between the muscles and peritoneum, in 
the oesophagus, etc. (Wyss,, Virch. Arch., LI., p. 143.) 

WlNCKEU ( Arch. f. Gynakol ., 1871, II., p. 383) furnishes a group of cases of cysts 
of the vagina, and describes a colpo-hyperplasia cystica occurring in the pregnant 
state. 

Rindfleiscii ( Lehrb ., 1873, p. 481) derives a form of ovarian cystoid from a col¬ 
loid degeneration of the stroma ovarii. He calls it softening-cyst. 

The origin of new cysts occuri’s either at a distance from the old cysts, 
and then possesses no peculiarity; or in their wall. In the latter case, as 
well as when cysts are developed immediately beside one another, they often 
penetrate by their further growth into the cavities of the old or primary 
cysts, which sometimes are filled by one or many secondary cysts of the 
same kind. In the wall of these secondary cysts new (tertiary) cysts may 
again arise, etc., whereby the structure of such compound cysts becomes 
almost inextricable. Or cysts, which arise by side of older cysts or even in 
their wall, open by their further growth into the cavities of the old. If 
merefy one young cyst be present, then there will arise a simple hole of vary¬ 
ing size; if several or very many of these be found, the old cyst will be 
perforated like a sieve. 

The growth of cysts has in individual cases not yet been closely followed. 
It is usually slow. 

B. The contents of cysts 

vary, especially with the mode of origin, in part also with other influences. 

Serous, mucous, and colloid cysts 

allow the character of their contents to be easily recognized; only some¬ 
times are transition steps met with, between the three kinds of cysts. 
Besides, with the exception of the contents, they have in general similar 
properties. 

The sac consists of connective-tissue fibres or connective-tissue bundles, 
which for the most part are firmly felted to one another, within condensed 
into a kind of homogeneous surface, without for the most part existing as 
looser tissue, and of vessels in varying number. It is usually a sac 
easily removed; rarely, it consists of simply atrophic tissue and is not 
removable. In the colloid cysts of the ovary the cyst-wall consists of two 
distinct layers: an external dense, fibrous layer poor in cells, and a smaller, 
cellular, and vascular layer. 

The internal surface is always covered with epithelium, which exists 
for the most part in a single, rarely in many layers, is, with serous contents 
for the most part, flat and, according to the place of origin of the cyst, 
epithelial or endothelial in character, but, with mucous or colloid contents, 
is almost always cylindrical, sometimes also ciliated. New-formation cysts, 
the so-called cystomata, show still farther complications of structure, which 
are best known of the ovarian cysts. In so-called glandular cystoma in¬ 
versions occur into the cyst-wall, and all transitions of such inversions to 
true glands, and of these again to cysts. New-formed glands may likewise 
furnish epithelial inversions, etc. In so-called papillary cystoma there 
arise on the internal surface of some or of all parts of it simple or arbori- 
form, mostly vascular, papillary excrescences of varying size, which some¬ 
times fill the whole cavity of the cyst or even break through this and grow 
into the abdominal cavity. 

The contents of the cysts are rarely without solid constituents; they 
mostly contain scanty or abundant separated epithelial cells, which not in- 
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frequently undergo fatty, mucous, or colloid metamorphosis, sometimes 
single blood- or mucus- or pus-corpuscles; rai’ely other substances, e.y., 
spermatozoa (hydrocele spermatica or spermatocele). The cyst-contents are 
sometimes only transudations, sometimes partly transudation, partly pro¬ 
ducts of the metamorphosed epithelium. Many ganglions, especially those 
on the flexors of the fingers, contain so-called corpuscula oryzoidea, which 
sometimes arise from constricted, polypous formations of the internal sur¬ 
face, sometimes products of coagulation of the contents. 

The contents of ganglions are a peculiar, gelatinous, tenacious secretion (melice- 
ris); it is neither an albuminous nor a gelatinous body, but a kind of synovial or 
colloid substance ; it is very similar to the soft substance which is found in the inter¬ 
vertebral cartilages of children (Virchow). According to Hoppe-Seyler ( Virch. 
Arch XXVII., p. 392) the liquids of cystic goitre, as well as those of multilocular 
ovarian tumors show a composition varying with the size of the cavities. In the 
smaller, usually little or no albumen is found, but only a small quantity of a material 
like mucin, while the large mostly contain very much albumen in concentrated solu¬ 
tion. The mucous contents of ovarian cysts have sometimes more the properties of 
mucin, sometimes those of albumen, or of par- and metalbumen (Waldeyer). 

Blood-cysts, 

i.e., cysts which are filled with liquid blood (not incapsuled extravasations), 
are very rare, occur especially in external parts, and histologically have 
been but little investigated. 

The rare dilatations of vessels with cyst-like form, but still communicating with 
the vessel, as e.g. Demme’s extra-cranial blood-cysts communicating with the cranial 
sinuses, also the small aneurisms occurring especially often in vascular tumors, 
finally the haemorrhages occurring in pre-cxistent serous sacs (tunica vaginalis of the 
testicles, etc.), or in already existing cysts with contents of other kinds, do not belong 
here. (Seep. 507.) 

Dermoid cysts in the broadest sense 
consist of a fibrous vascular sac, but which plays the role of the skin or 
derma. On this account these cysts also may be included among the new- 
formations of the skin, which occur in form of cysts. The essential element 
is the epithelium on the internal surface of the sac. It is everywhere 
present or only here and there, resembles that of the skin of the new-born, 
consists of rete Malpighi and epidermis, and it undergoes continuous regen¬ 
eration, whereby the tlirown-off epidermal scales must accumulate in the 
cavity of the cyst. To this are added for the most part still further pro¬ 
ducts of the internal surface of the cyst. This surface is sometimes smooth, 
sometimes it supports a varying number of for the most part irregularly 
formed papilke of varying size. In the coriutn hairs also are uniformly dis¬ 
tributed or only in places, which hairs sometimes resemble wool, some¬ 
times the hair of the pubes, sometimes that of the head, and are almost 
always accompanied by sebaceous glands. These glands are found some¬ 
times independently of the hairs. In both cases their fatty secretion like¬ 
wise accumulates in the cavity of the cyst. The occurrence of sweat-glands 
in the cyst-wall is much more rare. 

The so-called atheroma, encysted tumor (in the narrower sense), 
contains a grayish white, grayish or dirty red or brownish mass, which 
varies in consistence, sometimes liquid, sometimes like gruel, sometimes 
crumbling (not infrequently with isolated small, irregularly formed, more 
solid lumps), after evacuation of which the internal surface appears smooth 
or irregularly fissured, soft or of horny hardness, homogeneous or lami- 
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nated. The atheromatous contents consist of epidermal cells, which are 
rarely normal, with or without a nucleus, for the most part lamellated, 
simply atrophic and much broken up, sometimes are also round, and lie 
separate, or are concentrically laminated ; also they consist of the abundant 
remains of these cells, of free nuclei, of variously abundant, fine and large 
fat-globules, free or still inclosed in the cells, often of crystals of choles- 
terin, and not infrequently of little fine hairs. The most internal portions 
of the wall contain the same epidermal cells in simple contact, or arranged 
in concentx-ic lamellae. Next to the fibrous membrane (the corium) there 
is found an arrangement and character of the cells similar to those of the 
rete Malpighi. The corium itself (so-called pericystium) is for the most 
part thin, rarely thick, usually without papillae, but contains quite rarely, 
and then for the most part small, but numerous hair- and sebaceous glands. 
Through further metamorphoses, especially inflammation of the cyst-wall, 
haemorrhages of it, calcification of its contents, these tumors may assume a 
varied appearance. Atheromata are situated most often in the subcutane 
ous connective tissue, especially of the scalp and scrotum; in the interior 
of the body they are more rare. Atheromata, not infrequently occurring 
in the tonsils, behave in essentially the same manner. 

Nearly related to atheromata is the so-called molluscum sebaceum s. contagiosum, 
a peculiar wart-like tumor of the skin, which arises by distention of the sebaceous 
glands with secretion and their projection on the surface of the skin. Bateman, 
Cazenave, Barensprung, Virciiow and others believe in the infectiousness of 
this tumor. 

The so-called cholesteatoma 

consists of a for the most part thin capsule and of contents which are uniform 
at the centre and in the periphery, pure white, shining, like stearin or sper¬ 
maceti, of a fatty feeling, not liquid, and which often to the naked eye 
shows a lamellated arrangement. Under the microscope there is observed 
as the chief element of the contents very delicate, flat, for the most part 
non-nuclear cells, of a round or for the most part polygonal form ; these 
usually lie in contact and at the point of contact, often show an altogether 
uniform single row of small fat-globules. Besides, there often occur small 
hairs, sometimes also crystals of cholesterin. The sac consists of the 
same fibrous substance as that of atheroma, and sometimes contains hairs. 
Its internal surface shows sometimes a distinct rete Malpighi, sometimes no 
trace of it. Cholesteatomata occur sometimes in the subcutaneous cellular 
tissue, rarely in internal organs, most often in the pia mater of the brain. 

Most probably there are many cholesteatomata which, not connected with true 
epithelium, are to be explained as arising from endothelial growth of the con¬ 
nective tissue, of the meninges, bones, etc. 

Fat- and oil-cysts, dermoid cysts proper, consist of a for the most 
part thick sac and a grayish, yellow or yellowish green contents similar to 
oil, butter, or solidified fat. Their wall every where, or in separate circum¬ 
scribed points, has a cutis-like structure : it consists of epidermis, which is 
abundantly exfoliated and forms the contents, of rete Malpighi, and of a 
corium with or without papillae, as well as of longer or shorter hairs. 
Besides, the internal surface shows not infrequently numerous very small 
openings, from which on lateral pressure there exudes a sebaceous mass. 
Those openings correspond to the wide mouths of the mostly very largo 
sebaceous glands, otherwise like the normal glands, the secretion of which 
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together with scales of epidermis, form the contents of the cavity of the 
cysts; from the openings there not infrequently emerges a hair; more 
rarely the sebaceous glands are small and undeveloped in proportion to the 
hair. Sweat-glands are sometimes present in cysts of this kind, mostly in 
much fewer number than the sebaceous glands, sometimes they are wanting. 
Their structure wholly resembles that of the normal glands. Under the 
layer forming the corium there not infrequently lies a distinct panniculus 
adiposus. Many cysts finally contain in their wall cartilage, or bone, or 
teeth, some even warts or condylomata, or cutaneous horns. Dermoid cysts 
proper occur most often in the ovary, very rarely in the testicles, skin 
(especially in the region of the temple and eyes), pleura;, lungs, mesentery, 
brain, uterus, etc. They are probably always congenital. They are mostly 
simple cysts, or concern almost always only one cyst of a compound cyst 
tumor. The dermoid cyst communicates sometimes with common cysts, in 
which case then the latter may likewise be filled with fat and hairs. 

C. Number, size and form of cysts. 

The number of cysts in an organ varies in the highest degree : sometimes 
there are found only one or a few, sometimes the organ is occupied by an 
infinite number of independent cysts, so that ouly a little of its structure is 
visible. In very rare cases various tissues or organs show similar cysts 
simultaneously. 

(The author, Arch. cl. Ilcilk. , V., p. 92. ) 

The number of cysts found in an organ is either one ; or there occur 
several or many at the same time: so-called compound or multilocular 
cysts, cystoid. In the latter case, the relation of the separate cysts to 
one another varies. Most often there is a principal cyst, which partly 
incloses many smaller cysts, secondary cysts; or the latter lie together in 
the wall of the former. Or the tumor consists of cysts, which stand in no 
such relation to one another. Between these different forms of cysts there 
are again transitions. Especially may a cystoid thereby at least apparently 
be transformed into a simple cyst, when by the growth of the principal cyst 
all the secondary cysts are compressed into microscopical smallness, or the 
secondary cysts open into the principal cyst and thereby lose their inde¬ 
pendence. 

The size of cysts is likewise variable : from a microscopic size to that 
which equals the area of the whole abdominal cavity. The greatest volume 
is reached by mucous and colloid cysts. 

The Form of cysts is almost always round or rounded; other forms are 
mostly dependent upon the surrounding solid parts, or upon the fact that 
many cysts arise in a small space and in their growth are mutually com¬ 
pressed. 

D. Tiie consequences of cysts 

consist, besides, in the destruction of the tissue at the place of the cyst 
(especially in those of parenchymatous organs), especially in pressure on 
the neighboring tissues, whence sometimes inflammatory irritation of them, 
sometimes true new-formation of tissue (in the skin: acne punctata, a. 
rosacea, a. indurata, molluscum, acrochordon, naevus follicularis, etc.; on 
mucous membranes: catarrh, partial or general hypertrophy—acne hyper- 
plastica colli uteri, vesicular polypi), sometimes finally simple atrophy. 
The clinical importance depends especially upon the size and number of the 
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cysts, on the importance of the mother-organs, upon the encroachment upon 
the surrounding structures, on some metamorphoses of the cysts. Cysts of 
the ovaries, of the skin, and many congenital cysts possess the greatest 
practical importance. Some cysts of medium size, e.g., those of the 
ovaries, as well as numberless small and larger cysts, e.g ., of the kidneys, 
are not infrequently without any importance. 

E. Changes in cysts. 

Changes of the liquid of the cysts, so far as these are connected with the 
life of the cyst, are naturally continual. Grosser changes of the contents 
depend always upon demonstrable alteration of the cyst-wall. Whether the 
sometimes varied contents of the separate cavities of a cystoid are primary 
or secondary, cannot often be decided. 

Moderate haemorrhages into the cavities of cysts with admixture of blood 
with the contents of the cyst and transformation of the same into pigment, 
render the contents, as well as to the internal surface of the cysts, pale-red, 
chocolate colored, or dark red. If the haemorrhages are larger (from veins 
of the cyst-wall), then for the most part there appears no pigmentary meta¬ 
morphosis of the blood. These haemorrhages, usually of traumatic origin, 
occur especially in subcutaneous, or superficial injuries of easily exposed, 
for the most part thin-walled and serous or mucous cysts: the so-called 
haematoma praepatellare, haematocele, the so-called blood-cysts of the thy¬ 
roid gland, and of the ovaries (especially with a villous character of the 
internal surface). 

A woman was dissected by us who bore an ovarian cystoid which had been punctured 
about sixty times. She usually stated before the puncture whether the contents of 
the cyst were clear or (from haemorrhage) were colored red. The latter was always 
the case, if the husband had, in consequence of domestic discord, struck her on the 

abdomen. 

Inflammation of the cysts, which is more rarely spontaneous, more 
often the result of accidental external influences and surgical operations, 
shows the usual inflammatory changes of the cyst-wall, and is often followed 
by a purulent effusion into the cavity of the cyst. The pus is sometimes 
present in small quantity, sometimes it fills the whole cavity of the cyst. 
The consequences of inflammation of cysts are various : rarely, inspissation 
of the pus with shrinking of the cyst; more often extension of inflamma¬ 
tion to the surrounding structures, e.g., the peritoneum, usually with fatal 
termination ; or perforation of the cyst (outward, in the surrounding mucous 
membranes, into serous sacs). 

Fatty metamorphosis of the epithelium of cysts, in slight degrees, is 
frequent and without essential importance. In its higher grades the epi¬ 
thelium is thrown off, whereby the contents of the cyst become streaked or 
uniformly grayish yellow or yellow. Also the cells of the cyst-wall may 
suffer fatty degeneration. 

Calcification and ossification of the cyst-wall are of comparatively 
rare occurrence, sometimes only in places, sometimes throughout the wall 
of a simple cyst, or in a part of a cystoid, and then is followed by an arrest 
of the growth of the cyst. 

Laceration and perforation of cysts, in consequence of externa? 
force or after inflammation of the cyst-wall; by papillary excrescences. 

Turning of cysts on their axis, with strangulation of their vessels, 
only in the ligamentum ovarii: in consequence of this, inflammation, 
haemorrhage, etc. 

33 
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According to Rokitansky ( Oeslr. vied. Jnhrh. , 1865, p. 132), the turning and 
strangulation of ovarian tumors is not rare (8 times in 58 cases); it occurs quickly or 
slowly ; in the first case it is often fatal, but, as it is so much more frequent in the 
second case, is tolerated, and undoubted spontaneous repositions occur during life ; 
in consequence of the tolerated turning and strangulation there sometimes results in¬ 
volution and decay of the tumor. 

Spontaneous shrivelling or decay of the cysts, whereby their walls 
become hard, dense and rigid, and the papillary growths of the internal 
surface likewise degenerate, has been observed especially in ovarian cysts 
of old women. 

Spontaneous involution was observed by us in a boy, 3-4 years old, who had a tumor 
of one mamma, of the size of a goose-egg, consisting of cysts ; as well as once in an 
ovarian cyst of the size of the first, in a dead person. 

The contrary is presented by those cases, in which after one or more 
punctures of simple cysts there appear two or more cysts of medium size : 
the considerable growth of the large cyst had arrested the development of 
the others, which now, during the diminution of the large cyst by evacuation 
of its contents, proceeds quickly. 

Combinations of cyst-formation with other new-formations occurs 
in many ways. The relations are especially complicated, if these new-for¬ 
mations, as is most frequent in the mamma, grow into the gland-ducts, 
which have been in no manner transformed into cysts. 

Also there occur new-formations of other pathological tissues on the 
internal surface of the cysts or in the cyst-wall. There occur here, besides the 
already described origin of cysts in the wall of old cysts (so-called proliferous cysts) 
and the new-formation of papillary excrescences on the internal surface of the cysts, 
especially the new-formation of sarcomatous substance (see Sarcoma) and cancer 
(see Cancer). 


XV. COMBINED NEW-FORMATIONS, MIXED TUMORS. 

The terms combined or mixed new-formations may either be applied to 
those, which are composed of more than one tissue, e.g ., those of connective 
tissue and vessels. In this sense must here be included most of the above de¬ 
scribed new-formations, especially all tumors. Or they are those, in the com¬ 
position of which there are two or more of the preceding compound new- 
formation or tumors. But in this consideration there are many qualifica¬ 
tions : since, 1, e.g., many cysts in new-formations do not proceed from 
the latter, but from the normal organs or tissues, as is frequent in the 
mamma; 2, since e.g., an especially greater vascularity of a tumor is not 
always to be regarded as a combination ; 3, since different stages of devel¬ 
opment of a tissue or tumor cannot be regarded as a combined new-forma¬ 
tion ; finally, 4, since it is usually impossible to decide, whether two or 
more different tissues have arisen at the same time, or whether one has 
preceded the other. 

The tissues and new-formations which are most often combined, are: 

1. connective tissue, common, as well as mucous tissue. 

Common connective tissue determines, by its greater abundance, a greater 
density of the tumor, as e.g., is observed in the examination of the so- 
called fibrous and cellular sarcomata, of soft and hard cancers (in most 
cases). 

Mucous tissue occurs in various combinations, which have only more 
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recently become known : with common connective tissue, with cartilagi¬ 
nous tissue, cancer, etc. Especially to be mentioned here is the so-called 
mucous cancroid (p. 489). 

2. vessels, which by their occurrence in large numbers, furnish the 
condition of the so-called teleangiectatic or cavernous degeneration of a 
new-formation (see p. 374). 

On so-called plexiform tumors consult Verneuil, Lotzbeck, and Billrotii- 
Czerny ( Arch. f. k'ia. chir ., 1839, XI., p. 230). See also Virciiow, Lie kr/ch. 
Geschwiilste , III., p. 257. 

Arnold ( Vireh.Arch. , LI., p. 441) describes a myxo-sarcoma teleangiectodes cysti- 
cum of the pia mater. 

A myelogenic cysto-sarcoma myxomatodes of the bones of the head is described by 
Sciieiber ( Vireh. Arch., LIV., p. 285). Consult also Model, Fail. v. glandul. 
Cysto-sarcom mit autogenein Atherom. Erl. Dm. , 1858. 

3. Cysts, from which arise the so-called cysto-fibromata, cysto-lipomata, 
cysto-enchondromata, cysto-sarcomata, cysto-adenomata and cysto-carcino- 
mata. Most of these tumors were formerly called cysto-sarcomata, in which 
were included cystoids, tumors with simultaneous cyst-formation in the 
mother-tissue, etc. They occur especially in the mamma, testicles, and sali¬ 
vary glands. 

In fact every tissue and new-formation may combine with others, as 
follows from the above description of the separate tissues. Tubercle only 
has never been found as an element of a mixed tumor. 

Thus is it also with true mixed forms of sarcoma and carcinoma, i.e. , tumors, in 
which certain portions are sarcomatous, others carcinomatous : SARCOMA CARCINO.ma- 
tosum. In cases of this kind, which occur especially in melanotic tumors, the pro¬ 
cess more rarely is by metamorphosis of the already developed sarcomatous into can¬ 
cerous elements, or by their generation; for the most part, the cancerous elements 
proceed with the sarcomatous from the mother-tissue, sarcoma and carcinoma grow 
together, like two branches of the same trunk (V iRCnow, Lie krkh. Geschw. , II., p. 
181, 870 et 376). 

Finally, those cases of tumors are worthy of notice which consist through¬ 
out of similar or different tissues. The enchondromata and dermoid cysts 
furnish examples of the simultaneous occurrence of tissues, which belong 
together. Especially striking, however, are the cases where, e.f/., connec¬ 
tive tissue in its different forms and stages of development, cartilage and 
bone-tissue, vessels, muscular substance, cutaneous tissue, cysts, etc., some¬ 
times even sarcomatous and carcinomatous tissues are found in the same 
tumor. These combined new-formations seem to occur in all tissues and 
organs; most often in glands, especially the salivary glands (in the parotid, 
Submaxillary glands and their neighboring structures: combinations of 
enchondroma, sarcoma and myxoma), glands of generation (testicles and 
ovaries), the mammae. 

Combined new-formations possess in general all the properties of the sev¬ 
eral simple new-formations found in- them. Their influence on the sur¬ 
rounding structures and on the whole organism depends, not upon the 
multiplicity of tissues occurring in each case, but especially upon the rich¬ 
ness of their cellular elements (sarcomatous and carcinomatous structure). 


PART FOURTH. 


PATHOLOGY OF THE BLOOD. 

(SO-CALLED ANOMALIES OF TIIE COMPOSITION OF THE BLOOD : DYSCRASLE.) 

The literature of special subjects will be found under tlie appropriate 
heads. Of general interest are the following works: 

Hewson, Experimental Inquiries into the Prop, of the Blood, Land. 1774. — 
Thackrah, Inquiry into the Nature and Properties of the Blood , 1819. — Scudamore, 
Essay on the Blood , 1823. — Stokes, Pathol. Obs., I., 1823. —Nasse, Das Blut, 
1836. — Lecanu, Etudes chim. sur le sang humain, 1837. — Rees, On the Analysis 
of the Blood and Urine in Health and Disease, 1837. — Denis, Essai sur Vapplic. de 
la chunk, etc., 1838. —Magendie, Leqons sur le sang et les alterations de ce liquids, 
1838. — An dual, Essai d'Minatologie pathol ., 1843. —Scherer, Ohem. u. microsc. 
Untersuch. s. Pathologie, 1843. — Ancei.l, Varies, ub. d. Phys. u. Path. d. Blutes, 
German transl. from English, 1844. — Zimmermann, Zur Anal. u. Synth, v. Pseu- 
doplast Process, etc., 1840. — Andral et Gay arret, Rcch. sur le sang, Annales de 
Cliemie et de Physique, t. LXXV., 1840. —Zimmermann, Ueb. d. Analys. d. Blutes 
u. die. pathol. Krasenkhren, 1847. — Popp, Enters, ub. die Zusammensetzung d. 
Blutes in verschied. Krankh., 1845. — Becquerel et Rodier, Bech. sur la composition 
dri sang. 1844. —Wunderlich, Pathol. Phys. des Blutes , 1845.— Schmidt, Charact. d. 
epid. Cholera, 1850. —Consult also the numerous contributions of Voit, Petten- 
kofer and their pupils in the Zeitschrift f. Biologie , 1865-73 : also recent treatises 
on physiology, physiological chemistry, general and special pathological anatomy 
and pathology. 

The blood carries into tissues and organs the substances necessary to 
their activity, especially to their growth; and it brings away from them 
the surplus of these substances, as well as others which have been produced 
by functional activity of the parts. It constantly contains a number of 
the various products of metamorphosis, in various stages of their forma¬ 
tion. It is only the arterial which (in similar animals at similar times) 
has an approximatively uniform composition; whereas the blood contained 
in veins varies more or less in composition in proportion as it comes from 
different tissues and organs; in some localities it possesses more or less 
distinct peculiarities. This is especially true of the blood coming from 
organs which have a clear functional connection with the blood (lungs, 
liver, kidneys, intestinal tube, etc.), or from those which are the seat of 
important functions (muscles, brain, salivary glands, etc.). In general 
terms the blood may be looked upon as the focus, or middle point, of all 
tissue-metamorpliosis. 

Anomalies in the composition of the blood occur frequently. Lesser 
grades of these anomalies are either unknown, or have as yet no practical 
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interest. The higher grades, the so-called dysorasia:, are at least partly 
better known as well by means of observations on living and dead human 
beings, as by experiments on living animals. 

The chief obstacle to the study of so-called iuemo-pathology is the imperfection 
of our knowledge of the chemical composition of the blood. In spite of numerous 
analyses, there are yet some important substances, the so-called extractives, which 
have not yet been isolated, or quantitatively estimated; there are yet wanting exact 
determinations of the amount of albumen, serum, moist blood-corpuscles; the 
estimates hitherto made of fibrin are unsatisfactory; the characteristics of haema- 
to-crystallin are as yet but little known, etc. Furthermore, we lack an exact 
knowledge of the differences between arterial blood and the venous blood which 
escapes from various organs, of differences in blood-composition in large bloodves¬ 
sels and capillaries, of variations in the fasting state and after taking food, etc. 
Lastly, our knowledge of the origin (except in the foetal state), regeneration, and 
destruction of blood-corpuscles is very imperfect. 

The anomalies of composition of the blood which have a practical inter¬ 
est, occur in various ways : 

1. All the constituents of the blood, or one of them, are not present in 
normal quantity and quality; or they escape from it in abnormal quantity. 

2. Certain elements of the blood are not metamorphosed in a normal 
manner; or they are not at all, or not sufficiently separated from the blood 
in the appropriate localities. 

3. Injurious substances reach the blood from without. 

The causes of these anomalies are either external influences (food, air, etc. 
poisonous gases), or consist in diseases of various organs of the body, especially 
such organs as bear a relation to blood-making (spleen, etc.), or such as serve for the 
elimination of certain constituents of the fluid (kidneys, etc.), because these 
diseases interfere with the entrance of substances necessary for nutrition or respi¬ 
ration, or because through these diseases poisonous substances are produced which 
cannot be made harmless. However, it appears probable that there are not, 
properly speaking, any primary anomalies of the blood. If we exclude un¬ 
natural external influence, we nearly always discover that diseases of tissues and 
organs cause anomalies of the blood (solidistic pathology as opposed to humoralistic 
pathology). Nevertheless, from a practical standpoint it is provisionally desirable 
to admit diseases of the blood : in view of the generalization of the disorder, of 
the appearance of some symptoms directly or indirectly from the blood (cutaneous 
and urinary abnormalities, etc.), of our greatly insufficient knowledge of primary 
local disorders, etc. 

In what follows, the various practically important anomalies of the blood will be 
treated of without special classification. Intoxications, properly speaking, do not 
belong to this section. 


I. ANOMALIES OF THE SIZE AND SHAPE OF THE BLOOD-CORPUSCLES. 

Pathology has as yet profited but little by our knowledge of changes in 
the shape and size of red blood-corpuscles. In physiology it has long been 
known that red blood-corpuscles assume a more globular shape and become 
larger in blood whose watery constituents are increased, and that removal 
of the gases of the blood, its treatment with alcohol and gallates, act in the 
same manner, while the addition of salts causes these bodies to shrink and 
shrivel. (Por changes in white corpuscles see p. 152 and p. 357.) 

Of how much importance the above changes may be, is shown by an approxi¬ 
mative determination of the superficial area of blood-corpuscles. If it be assumed 
that the blood of a man amounts to 4,400 C. cent., the blood-corpuscles will collect¬ 
ively present a surface equal to 2,816 square metres. If 176 C. cent, of blood be 
thrown into the lungs every second, the surface occupied by the red corpuscles in 
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this quantity will be 81 square metres. (Welckf.r, Arcli. f. microsc. Anat., 1872, 
VIII., p. 472.) 

Manassein (Med. Centralbl., 1871. No. 44) has investigated the changes in dimen¬ 
sion which red corpuscles undergo under various conditions. The following results 
were obtained by more than 40,000 measurements made in 174 animals. Septicaemic 
poisoning, and probably also traumatic fever, caused reduction in the size of the cor¬ 
puscles. The same result was caused by increased temperature, and by sojourn of 
the animal in a space surcharged with carbonic acid gas. Means which reduced the 
temperature of the animal brought about an increase in the size of the corpuscles; 
this was true of medium and large doses of muriate of quinia, cold, hydrocyanic acid 
in lethal and non-lethal doses, alcohol in intoxicating doses. Muriate of morphia and 
oxygen enlarged the corpuscles. Acute anaemia (after arterotomy) produced the 
same result. 

Lasciikewitscii (Oest. vied. Jdlirb ., 1871, p. 425) observed in a case of Addison’s 
disease that the red corpuscles were larger, paler, and altered in shape ; they appeared 
biscuit-, club'-, or worm-shaped, and sent out a number of processes which were drawn 
in again ; they showed constrictions, and in some places were thus separated. 

MicrocytU/EMIa is the name given by Vane Ain and Masius ( Ball, de V Acad. 
Royede de Med. de Belgique , 1871) to a disease which is cliieliy characterized by the 
appearance in the blood of peculiar elements (microcytes). These are small elements, 
not exceeding .003 or .004 mm. in diameter, brightly shining, of the same color (or 
even deeper) as the red corpuscles; their surface is smooth, and they do not aggre¬ 
gate. At first, in the cases observed, their number was about equal to that of the 
red corpuscles, but, increasing progressively, reached the proportion of one or two of 
the corpuscles to one hundred microcytes. As the patients became convalescents, the 
microcytes were found to have disappeared, but all the red corpuscles were smaller 
(.008 to .007 mm.). The authors consider these bodies as intermediate forms in the 
process of shrinking and disappearance of red corpuscles. According to their view, 
the red corpuscles of the blood are not wholly destroyed in the spleen, but pass into 
the condition of microcytes, whose complete destruction takes place in the liver. 
Under normal conditions, microcytes, which after their formation in the spleen are 
destroyed in the liver, are not at all found in any blood but that of the vena portaj, 
or, if found, only in very small numbers. The authors consider the disease as due to 
increased activity of the spleen and diminished activity of the liver. Nedsvetzki 
(Med. Centralbl ., 1873, No. 10) describes little bodies possessing movement in all 
directions (blood-nuclei, hamiococci) as constant ingredients of normal blood. These 
are probably identical with Zimmermann’s “elementary corpuscles,’' Lostorfer's 
syphilitic corpuscles, etc. 


II. AN.EMIA IN GENERAL. 

In practice we designate as anaemia several different conditions dependent 
upon causes which cannot always be determined exactly during life, which 
have this in common, that there is either a diminution of the quantity of 
the blood, or of the amount of certain ingredients of the blood necessary 
for nutrition (red blood-corpuscles and albumen). In conjunction with this 
there is occasionally a positive or relative increase in the amount of the 
remaining constituents of the blood (water, white corpuscles), so that there 
occurs a transformation of anaemia into hydraemia, leucocythannia, etc. 

True anaemia, that is to say, a condition in which the amount of blood, 
or the contents of the bloodvessels, is reduced, does not occur, or does so 
only for a very short time, after large losses of blood ; because even during 
the haemorrhage there is, on the one hand, a diminution in the amount of 
fluid given off to the tissues and lost with excretions, and, on the other 
hand, an increased flow of lymphatic and of interstitial (so-called parenchy¬ 
matous juice) fluids into the bloodvessels, so that the water of the blood is 
relatively increased at the same time that its blood-corpuscles, especially 
the red, and its albumen are diminished. 
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1. ACUTE AN.EMIA, OR OLIGJEMIA. 

Tlie causes of acute anemia are: abundant losses of blood after acci¬ 
dental wounding of arteries and veins, in large surgical operations, and by 
bloodletting ; a number of morbid states occurring in pregnancy, in child¬ 
bed, in tile puerperal state; the so-called spontaneous rupture of arteries 
and veins in the interior of the body (aneurisms, perforations by ulcers, 
bleeding from new-formations, etc.); great muscular exertions, etc. (Com¬ 
pare p. 212.) 

Ranke (see p. 173) has observed a juimary redaction in the quantity of the blood 
after great muscular activity; by long-continued, extreme (tetanus) muscular con¬ 
traction the blood of the frog many undergo a primary reduction of 26 per cent. 

The symptoms of acute anaemia are best exhibited after haemorrhage in 
previously healthy persons, or in such as have been ill but a short time, 
and where the flow of blood externally is not prevented. In persons who 
have been ill some time, and where the blood is retained within the body, 
the symptoms are not rarely much less striking. 

The phenomena are generally brought about by : on the one hand, by 
the diminution of the whole mass of the blood, the reduced amount of red 
blood-globules and albumen, as well as of the solid ingredients ; on the other 
hand, by diminution of the blood-pressure. Tissue-metamorphosis is nearly 
everywhere rendered less active ; its amount being in direct proportion to 
the quantity of blood. 

One result of diminution of the amount of blood by luemorrhage is that 
in a short time the heart and bloodvessels become positively narrower than 
they were before the loss of blood. This true reduction in the amount, 
together with the allied concentration of the blood, are soon remedied by 
the flowing in of albuminous parenchymatous juices into the relaxed vascu¬ 
lar system, or by the removal of a greater quantity of the same fluid by 
radicles of the lymphatic system. The same result is also simultaneously 
favored by diminution of the amount of secretion. In consequence of such 
diminution of quantity there ensue certain changes in the blood: the red 
corpuscles are proportionately diminished, the watery constituents propor¬ 
tionately increased, the amount of fibrin is lessened. 

The phenomena of anaemia, and their explanation are known, in part, by studies on 
diseased human beings, in part confirmed by numerous experiments. Compare the 
various treatises on physiology and physiological chemistry (Magendie, Donders, 
Lehmann, Longet, Flint, Jii.), Yolkmann’s Hdmodynamik ; M. Hall, On Morbid 
Effects of Loss of Blood, 1830; Bauer, Zeit. f. Biol., 1872, VIII., p. 567. 

The diminution of red corpuscles after loss of blood has been well ascertained. 
Vierordt (Arch. f. phys. Heilk , 1854, XIII., p. 25!)) found them reduced to 52 per 
cent, in a rabbit and a dog dying of haemorrhage. Small bleedings reduce the num¬ 
ber of blood-corpuscles but little; but with increased loss of blood we have a dispro¬ 
portionate reduction. The increase in watery constituents of the blood has also been 
demonstrated. Woltersom (Bonders, Phys. d. Menschen , I., p. 167) observed that 
after four bleedings of twenty minutes each, the solid ingredients of the blood were 
reduced to 18.6 per cent., instead of 21.7 per cent, before the experiments. Ccntra- 
rily, the number of white corpuscles is not diminished, but relatively increased after 
haemorrhage, because after the loss of blood more lymph, with its corpuscles, they enter 
the vessels, and probably also because the adhesiveness of the white corpuscles makes 
their escape difficult, and because superabundance of plasma is favorable to their 
development. After very large bleedings, the white and red corpuscles were about 
equally numerous in the horse (Mosler, Leukdmie , p. 104). The marked diminution 
of the fibrin has been demonstrated by Brucke. Contrary assertions as to the in- 
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crease of this ingredient are false, being based upon the fact that watery, thin blood 
coagulates more quickly than normal blood. 

The symptoms occurring after a single large loss of blood should be ranged 
in two categories: 1. The phenomena which appear immediately after the 
haemorrhage; 2. Those which are produced by the consequent refilling of 
the bloodvessels with liquid. As has been stated, the first symptoms sub¬ 
side rapidly ; those of the second category bear a strong resemblance to 
those present in slowly developed anaemia (poverty of the blood in lnemo- 
globulin and albumen, without emptiness of the vessels). This distinction 
cannot, however, at the present time be very thoroughly carried out. 

Compare also the consequences of extensive congestive hyperaemia upon the vascu¬ 
lar system, and upon blood-pressure, p. 182. 

The following ave the more usual special symptoms observed in anaemia 
produced by a considerable loss of blood. 

The EXTERNAL skin and the visible mucous membranes are pale, often 
faintly translucent (in consequence of diminution of red blood-corpuscles); 
granulations, and even neoplasms collapse. 

The muscular system, in general, is less capable of activity, because of 
the loss of red (oxygen-carrying) blood-corpuscles. The external voluntary 
muscles of the trunk and limbs are more relaxed, the patient is feeble, 
hardly able to move a limb or to sit or stand (hence the old-time use of 
blood-letting for the purpose of favoring the reduction of dislocations and 
of hernia, the setting of fractures, etc.) ; the movements are tremulous. The 
same weakness is shown by the respiratory muscles; hence the voice is 
feeble, occasional dyspnoea (which is in greater part due to want of red 
blood-corpuscles, and in part is caused by nervous influence), and more 
rapid, or occasionally more slow respiratory movements. The cardiac mus¬ 
cle is likewise weakened, and consequently the heart’s impulse is weak, and 
the heart-sounds dull; and, as a result of this condition, especially feeble¬ 
ness of the musculi papillares (as well as of relaxation of the tissue of the 
valves), we occasionally have a systolic blowing murmur. The involuntary 
muscles of the blood-vessels partake of the weakness or relaxation ; and 
the arterial pulse, which soon after the haemorrhage is smaller, and a 
little hard though easily compressed, soon becomes, as a result of the relax¬ 
ation of the vessels, larger and softer. The so-called venous murmurs are 
at first produced by the imperfect filling of the vein with blood, and are 
caused later by flaccidity of the venous coats. At times there is a cramp¬ 
like state of the cutaneous muscles, the relaxation of which is followed by 
profuse sweating (see p. 168). 

The nervous system presents a series of disturbances which are the con¬ 
sequences of impaired nutrition by insufficiency of blood, partly because 
of the reduction in the number of red corpuscles, and partly probably 
because of diminished blood-pressure. These symptoms have been in part 
experimentally studied. They appear with so much the greater force as 
the loss of blood is the more sudden. They are characterized at first by 
signs of irritation, then by signs of paralysis. Amemia of the cerebrum 
produces losses of consciousness; a tendency to syncope, especially when 
the patient rises; and in this posture even death may ensue. Anaemia of 
those parts which are posterior to the corpora quadrigemina causes only 
spasms or epileptoid convulsions. Anaemia of the medulla oblongata 
results in great frequency of the respiratory movements, paralysis of the 
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vagi, with consequent rapid cardiac contractions ; only rarely the opposite. 
Anaemia of the spinal cord is partly the cause of weakness of the voluntary 
muscles, as well as of disturbances in the reflex capacity (frequently a ten¬ 
dency to congestion, of the cheeks for example, as well as of internal 
organs). (See pp. 1G9-70.) 

General convulsions do not depend upon general anaemia, nor upon that of the 
brain (including the medulla oblongata), but upon the stagnation of blood poor in 
oxygen and rich in carbonic acid, in the cerebral capillaries ; dyspnoea precedes the 
spasms (Rosenthal). ( Vide infra, Suffocation.) 

The organs of special sense exhibit a number of disturbances which 
are the result partly of anaemia of the cerebral centres, partly of that of the 
terminal apparatuses : sight is usually weaker ; patients complain of dark¬ 
ened vision, ask for more light; hearing is rarely dulled, more usually is 
abnormally acute ; the sense of smell is also occasionally in a high degree 
sensitive ; common sensibility is lessened. 

The vascular system shows important symptoms: the pulse-rate is 
increased; the speed of the blood-current lessened; the blood-pressure 
diminished. The last condition is quickly remedied by the influx of fluid 
from the tissues into the vessels. 

The increased rapidity of the pulse is in part dependent upon paralysis of the vagi, 
in part upon the diminished fulness of the vascular system. In morbid conditions 
bleeding occasionally causes a slower pulse-rate, especially in those cases in which 
blood-letting brings about a reduction in the accumulation of carbonic acid in the 
body, and causes a diminution of resistance in the bloodvessels, thus facilitating cir¬ 
culation (Bauer). The lessened speed of the blood, in spite of increased frequency 
of the pulse, has been explained by Yolkmann (Die Ilwmodynamik , p. 197, p. 227, 
1850). The speed of the blood in a dog was found to be 280 mm. per second ; after 
a bloodletting of 54 grin., it was 259 mm. ; after one of 79 grin., 187 mm.; after 
one of 8(5.5 grm., 88 mm. ; after one of 76 grm., 48 mm. The blood-pressure is 
diminished, as has often been demonstrated since Hales and Magendie. In Volk- 
mann’s dog, above referred to, blood-pressure sank from 2,106 to 1,957, 1,728, 756, 
405, after the various blood-lettings. Compare also Tapreniieimer (Bench, d. 8. 
Acad. d. Wmm. , 1872, p. 198). The increase of blood-pressure observed by Naw- 
rotzky ( Warseh. Uni'O.-Nachr. , 1871, No. 3) disappears very quickly, according to 
Gatzuck (Med. Oentralbl., 1871, No. 53). The rapid compensation of the diminished 
blood-pressure is due to the fact that after bloodletting the fluids in the extra- 
vascular tissues are under a higher pressure than the liquid in the vessels, and upon 
the fact that during inspiration pressure in the veins is negative (Bauer). 

H. Nasse ( Untersuch. , 1871) found that after small as well as large haemorrhages in 
dogs, the flow of lymph increased from 10 to 81 per cent., and when repeated blood¬ 
lettings were made, it was doubled, and even more increased. At first there was a 
diminution in the flow, if the coagulability of the lymph was increased. The water 
of the lymph usually remained unchanged in amount after bloodletting ; while, con- 
trarily, the fibrin was much diminished, the salts a little. 

The temperature of the body is lessened, occasionally, by l°-2° C., 
but nearly always returns to the normal in a few hours. Patients are easily 
chilled, without having actual chills. If there be fever, bloodletting causes 
a very temporary lowering of temperature. This is not caused by diminu¬ 
tion of tissue-waste in the body, but by increased loss of heat produced by 
transitory palsy of the vaso-motor nerves. 

Upon the influence of bloodletting in febrile diseases, consult Traube, Ocsam. 
Beitrdge, 1871, II., p. 212. 

In the digestive organs the mouth and stomach only show distinct 
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symptoms: there is usually great thirst, perhaps largely due to dryness of 
the pharyngeal mucous membrane; the sense of hunger is often wholly 
gone, but may reappear in a few days ; not rarely there are observed 
nausea and vomiting, and occasionally dysphagia; at times active peristaltic 
movements of the bowels, usually constipation. 

According to Manasse'i'N (Med. CentraM., 1871, No. 54), the normal proportion of 
acids and pepsin is changed in feverish animals, and in those who are suffering from 
acute anaemia, the result of abundant and repeated bleedings from an artery. In 
artificial gastric juice prepared from feverish animals, coagulated albumen is not 
worse digested, and the fibrin of ox-blood is often better digested than in a similar 
juice made from the healthy creature. In the artificial juice prepared from animals 
in a state of acute anaemia, albumen is not as well digested, fibrin nearly as well, 
occasionally better. The intestinal movements produced by anaemia are not (L., 
Mayer and Bascii) the result of the anaemia proper (reduction in size of aorta. 
Sciiipf and others), but are caused by stagnation of blood and its consequences. 
(See p. 187.) 

On the side of glandular organs but few certain symptoms are known : 
the amount of urine and of urea is increased, that of bile diminished. The 
number of respiratory movements is lessened, although the amount inspired 
remains the same, because the inspirations are decidedly deeper; it is only 
in very great anaemia that the volume of air inspired becomes smaller. 
(See p. 171.) 

The so-called Ciieyne-Stokes’ respiration is due, according to Traube ( Get. 
Abhandl , 1871, II., p. 882), to insufficient supply of arterial blood to the medulla 
oblongata. 

The influence of anaemia on the destructive metamorphosis of the tissues 
has been the object of several experimental and clinical contribution's. As 
regards the decomposition of albumen, it seems increased both in the satisfied 
and the fasting state. 

In Bauer’s experiments there was observed in a dog weighing about 20 kil., while 
being fed, within the first five days after bleeding, a daily excess of 4.8 grm. urea ; 
before bleeding, from 32-3G.5 grm. The remaining solid ingredients and the water 
of the urine were also increased, and yet the urine had a higher specific gravity. 
Similar figures were obtained in the fasting state of the animal; though in this case 
the excretion of nitrogen was even greater. B., as well as Jurgensen, has observed 
the same increase in man. These results are not explicable by the entrance into the 
bloodvessels of albuminous parenchymatous lluid; because the increase continues 
for several days, and because the decomposition does not take place within the ves¬ 
sels, but without them. Uric acid is not increased after blood-letting (Naunyn and 
Riess). Bauer explains the greater flow of water through the kidneys in part by 
the rather rapid re-ascent of blood-pressure, in part to the more abundant excretion 
of the products of metamorphosis. 

The destruction of fats (investigated by means of a respiration appa¬ 
ratus) was lessened, at first only relatively to the increased destruction of 
albumen, later absolutely so; and this is true of the combustion of the 
fats derived from the food, as well as of that existing in the tissues or 
set free by destruction of the albumen. Exhalation of carbonic acid was 
not at first materially altered, but after a while it became reduced; the 
quantity of water lost, and that of oxygen absorbed, were a little increased. 

According to Bauer, tissue-metamorphosis is about the same immediately after 
as before a loss of blood. Later accumulation of carbonic acid in the blood and 
tissues, and the necessary supply of oxygen, are checked by more numerous and 


SYMPTOMS OF ACUTE A2LEMIA. 


523 


deeper respiratory movements (tide Leucocythasmia'). Still later, in consequence of 
weakening of organs and of the loss of blood, less non-nitrogenous material is 
destroyed, whence less oxygen is needed and less carbonic acid given off. 

In consequence of the above conditions the fat of food and that pro¬ 
duced by the decomposition of albumen are deposited in greater quantity. 
The more active decomposition of albumen does not alone affect the albu¬ 
men of the nutritive fluids, but that of the organs as well: hence the latter 
often undergo a true fatty degeneration. The greater the destruction of 
albumen, the more abundant the deposit of fat. 


The experiments of Tolmatscheff (Hoppe, Med.-chem. Untersuch ., 1808, 3 H.), 
in which it was observed that animals became fat after losses of blood, confirm the 
above statements of Bauer. A number of pathological observations likewise point 
to a connection between fatty deposit and deficiency of blood. After copious and 
repeated blood-letting there is often observed a considerable development of abdomi¬ 
nal fat. Many cattle-breeders increase the productiveness of their milch cows, or 
the fattening of animals, by occasional bleedings. Chlorotic gurls occasionally become 
very fat. 

All these phenomena vary according to the amount of blood lost, accord¬ 
ing to the suddenness with which the loss takes place, according to indi¬ 
vidual peculiarities, according to the preceding condition of health, — even 
according as to whether the bleeding take place externally or internally, 
and in the latter case as to whether the blood is removed without mechani¬ 
cal help (in the cranial and spinal cavities, pericardium and other serous 
cavities, etc.). 

The AMOUNT OF BLOOD WHICH A HUMAN BEING CAN LOSE WITHOUT DEATH 
ensuing, depends upon age, sex, individual peculiarity, strength of body, 
state of nutrition, etc. On the average, the loss of a pound of blood will 
produce syncope in a grown person. Roughly speaking, in the same way, 
the sudden loss of a quantity equal to about one-half the total amount in 
the body (in grown persons four to six pounds), must be considered as 
sufficient to cause death. In new-born children the loss of a few ounces, 
and in children one year old that of half a pound, is highly dangerous. 
The escape of the last-named amount is of importance in old people, 
and in those already weakened. In general, women bear large haemor- 
rhages better than men. The ease with which many women bear the large 
loss of blood which sometimes accompanies the expulsion of the foetus and 
placenta, is explicable by the fact that an organism hitherto incorporated 
in the female body no longer demands nutrition. 

The more sudden is the escape of blood from the bloodvessels or the heart, the 
more severe are the symptoms, and the sooner death ensues. Fat individuals bear 
losses of blood less well than spare ones, the former having a smaller amount of 
blood than the latter. While lean rabbits show a proportion of blood to body-weight 
equal to 1 : 18, in fat animals it sinks to 1 : 30 (Ranke). Animals killed by the acute 
anaemia produced by haemorrhage die asphyxiated, inasmuch as, in consequence of 
want of oxygen produced by sudden diminution in the number of red blood-corpus¬ 
cles, there occurs over-irritation and consequent paralysis of the respiratory centre 
in the medulla oblongata. By means of a fresh supply of red corpuscles charged 
with oxygen this over-irritation may be reduced to the normal irritation, and respi¬ 
ration be set going again directly through the medulla oblongata, and not in a reflex 
way through the vagi (Eulenbukg and Landois). 

Small and medium losses of blood are, as is well known, often produced for thera¬ 
peutical purposes by means of leeches, wet-cups, phlebotomy; the former more 
usually in diseases of parts lying not far under the surface of the body, phlebotomy 
in affections of internal organs, more especially in common congestive or inflamma¬ 
tory hyperaemia of the brain, lungs, etc. 
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One local effect of bloodletting is, that the blood-pressure of the part from which 
the bleeding occurs is lessened or even abolished. Blood flows through the opening 
which comes from neighboring veins, and even from veins lying nearer the heart in 
so far as their valves will allow of backward flow. In the next place, the circula¬ 
tion in adjacent veins, and also that in the entire vascular system, is made more 
rapid. If, while the crural vein of a frog is open and blood flowing from it, the web 
be watched under the microscope, an increased rapidity of circulation is seen. Ac¬ 
cording to facts above mentioned, it is likely that therapeutic bloodletting dimin¬ 
ishes the amount of blood, and the hyperajmia, only for a short time. Venesection 
causes a diminution of hyperasmia also in distant organs; for example, venesection 
in the arm lessens hyperajmia (mechanical as well as congestive) of the lungs, brain, 
etc. whether this takes place directly by diminution of the amount of blood, or 
indirectly by an influence (centrally or by reflex action) upon vaso-motor nerves, is 
not ascertained. In a similar way venesection may reduce over-filling of the cardiac 
cavities. Respiration is diminished by venesection in pulmonary affections, but 
increased in cerebral diseases, in which normally it is small. This sudden healing 
effect is only to be expected in cases of pure congestive hyperajmia; in inflamma¬ 
tions, in which various forms of exudations have made their appearance, bleeding 
has no such marked influence upon the exudation itself, but may possibly prevent 
its further formation by lessening the hyperaemia. 

The return to the normal state in acute anaemia occurs, if the causes 
cease to operate and no complications arise, in a few weeks usually. In¬ 
creased absorption of fluid from without (thirst), and from the tissues, 
restores water to the blood, and makes it more dilute (iiydrasmia). Poi¬ 
sonous substances, placed upon wounds or under the skin, affect the 
organism more quickly. Later the fibrin, albumen, and the other solid 
ingredients of the blood are gradually restored by the use of food; the 
salts are most quickly replaced. At the last, restoration of the red 
blood-corpuscles occurs ; so that oligocyth.emia, diminished amount of red 
corpuscles, is the last to remain. 

The development of red blood-corpuscles, not yet certainly known in the 
physiological state of adults, most probably takes place in the following 
manner: at first colorless cells from the spleen (its pulp and from the 
epithelium of the veins), from lymphatic glands, perhaps also from the 
lymphatic vessels, and the serous membranes, accumulate in great numbers 
in the blood, and in it are transformed, usually more quickly than under 
normal circumstances, into red blood-corpuscles. In this transformation 
the colorless cells become colored, reduced in size and flattened, while 
simultaneously their protoplasm becomes homogeneous, and lastly their 
nucleus disappears after a preliminary granular degeneration. 

This notion, first advanced in its entirety by Kolliker ( Zeitsch. f. rat. med,, 
1846, IV., p. 112), has received further confirmation by the investigations of Funke 
(idem, I., p. 172) and Erb (Virchow's Archie, I 860 , XXXIV., p. 188). According to 
the last-named author, the development of red corpuscles with transition-forms 
becomes more evident from the second to the fourth day after large losses of blood 
in previously healthy men. The time required for the thorough regeneration of the 
blood, until the process of new-formation of red corpuscles shall have returned to 
within its limits in normal blood, amounts to about three or five weeks. Golubew’s 
results ( Wien. acad. Berich., April, 1868) are similar. Recklinghausen (Arch. f. 
micr. Anat., 1866, II., p. 137) observed in frog’s blood a development of red cor¬ 
puscles out of white cells occur in 11-12 days, and this even out of the frog's body 
if the blood was received in well-heated porcelain capsules, and preserved in a 
large glass vessel which was daily filled with moist air. Very similar, on the whole, 
are the views of Klebs ( Virchow's Archie, XXXVIII., p. 190), Ebertii (idem, 
XLIII., p. 8 ), Bottcher, and Neumann; views founded partly upon observations 
made in cases of leucocythasmia. 

The numerous experiments upon extirpation of the spleen are partly in favor of 
the existence of a blood-producing function in this organ. After its removal there 
has been found, frequently though not constantly, a true hypertrophy of the 
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lymphatic glands. Apart from this, the extirpation was borne without symptoms. 
(Researches on animals by Futirer and Ludwig, Stinstra, Vui.pian, Eberhard, 
Schiff, Simon, and others; recently Mosler, Die Leukcemie, 1872, p. 31.) 

Mosler also observed alterations in the marrow of the bones. According to 
Neumann {Arch, der HeilJc ., 18(19, X., p. G8) there occur in the bone-marrow of 
adult animals and man, certain cell-forms which are identical with the embryonic 
germs of red blood-corpuscles; N. has advanced the hypothesis that during the 
whole of life there takes place a continual transformation of lymphoid cells into 
colored blood-corpuscles. By some preliminary experiments N. supposes that after 
loss of blood there takes place an increased Bow of bone-marrow cells into blood¬ 
vessels, as well as an increased transformation of these cells into red corpuscles. 
Neumann {Bcrl. klia. Wocheuschr., 1871, No. 4) discovered in the liver of human 
foetuses from three to eight months old a structure similar to that of bone-marrow 
and spleen; the connective tissue in these organs appears as a coarse reticulated 
tissue with numerous lymphoid cells imprisoned in its meshes, and it not merely 
accompanies the portal vein as a sheath, but extends far out into the tissue of the 
lobules (acini), so that the hepatic parenchyma between the capillaries of the acini 
is not exclusively made up of hepatic cells, but includes also a large number of 
lymph-corpuscles. In the new-bom these cells are wholly absent. (Consult also 
Arch. d. Heilk. , 1871, XII , p. 18G.) 

The new-formation of blood-corpuscles in the inflamed cornea has been described 
by Carmai.t (Stricker) ; see p. 375. Heitzmann ( Wiener med. Jahrbb ., 1872, pp. 
347 and 354) has seen blood-corpuscles appear in the cavities of inflamed bone and 
in the cells of inflamed cartilage: the first rudimentary masses of these cells he 
called hannatoblasts. 

According to Sciiklarewski the renewal of the cellular elements of the frog’s 
blood takes place, as is usually believed, from pre-existing elements of the blood. 
S. thinks that the morphological contributions of other organs are both incon¬ 
stant and insignificant. 

According to Beciiamp and Estor ( Comptes-rendus , 1870, LXX., p. 265) blood- 
corpuscles are not simple cells, or even cell-like bodies, but are an aggregation of 
microscopic organisms—miorozymes. These authors saw a blood-corpuscle decom¬ 
pose into a number of these microzymes while under the microscope, while by the 
same means of observation they saw a number of these bodies unite to form a color¬ 
less blood-corpuscle. 

The reproduction of the fibrin occurs in the course of about forty-eight hours 
(PANUM’a researches on transfusion). 

Transfusion of blood consists in the injection into the veins of whipped 
venous blood (thus deprived of its fibrin and carbonic acid), made for the 
purpose of repairing the dangerous anaemia produced by large losses of 
blood, prolonged suppuration, etc., until the time when the lost blood shall 
have been reproduced by means of food, and by the hsemopoietic organs. 

Substitution of blood consists in the alternate withdrawal of a certain 
quantity of blood which has become altered in composition (as for ex¬ 
ample through loss of blood-corpuscles in chronic anaemia), or which has 
been temporarily poisoned by carbonic oxide for example, and supplying 
of normal defibrinated blood taken from a similar animal. 

Transfusion of blood, for the elucidation of a number of physiological questions, 
has frequently been the object of experimental physiological investigation ; and it, 
as well as substitution, has been employed in a number of cases of disease in man with 
success. In the earliest times (J. Denis, 16G7) the blood was transferred directly 
from the bloodvessels of one animal into the other’s; later this was done by means 
of syringes, etc. Dumas and Prkvost ( Bibl. univ. de Geneve , 1821), and also J. 
Muller (Handb. der. Physiol., 1844, I., p. 124) and others, observed that defibrinated 
blood possessed the same qualities as that with fibrin, and that by whipping the 
blood (removing all its fibrin by coagulation) the danger of blocking up of blood¬ 
vessels was obviated. The first-named authors furthermore demonstrated that the 
blood of one vertebrated anitnal is under certain circumstances poisonous for verte¬ 
brates of another order or family. 

Panum ( Virchow's Archie, XXVII., pp. 240, et 433) showed that it is possible to 
remove and renew the entire mass of blood in an animal, at least up to within 3 per 
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mille, by the use of whipped blood, without causing much disturbance in the func¬ 
tions of the organism (nervous and muscular activity, nutrition, digestion, respira¬ 
tion. production of heat, excretion, etc.); and that transplanted (from another 
animal) blood remains as active as the normal blood, and undergoes decomposition 
just like it. Foreign, transplanted blood in the vascular system of another kind of 
animals is quickly destroyed, and is thrown out, in a state of solution, into the 
parenchymas and the serous cavities of the body, as well as excreted by the kidneys 
and intestinal canal. 

Acute loss of lymph has been experimentally shown to prove fatal 
more rapidly than an equal loss of blood: reliable observations on this 
point upon man do not exist. 

Quiet dogs in the fasting state die after large quantities of lymph have been with¬ 
drawn from them ; according to Lessee when the loss of lymph is equal to one-quar¬ 
ter or one-seventh of the volume of blood in the animal. On the contrary, the loss of 
even a larger quantity of blood does not cause a fatal issue. The coloring of the 
blood is rendered more intense by the loss of such large amounts of lymph. In 
such a case, HAMMAK8TEN found in the blood so very great a quantity of oxygen in 
the blood as twenty-four per cent. It is probable that the loss of large amounts of 
saliva (and bile also, Lehmann) has the same effect in fasting animals. Contrarily, 
no matter how much urine and perspiration are separated there is no alteration 
in the composition of the blood, for these excretions continue only as long as 
the water, salts, and urea are supplied to the blood as fast as excreted. The 
removal of large quantities of lymph causes an increase of the blood-pressure, 
whether because blood richer in corpuscles finds more resistance in the capillaries, 
or whether because altered composition of the blood irritates the walls of blood¬ 
vessels, is not determined. (Lessee, Arbeit, a as d. Phys. Amt. za Leipzig , 1872, 
VI., p. 94.) 


2. Chronic an.emia. 

Chronic anaemias are classified, according to their causes, into three 
categories. 

a. Chronic an.emia from direct or indirect loss of blood, or other 

FLUIDS. 

Its causes are : 1. Oft-repeated small losses of blood, the so-called second¬ 
ary haemorrhages after operations of all kinds (see p. 217); haemorrhage 
from the nose, air-passages, stomach and intestinal canal, urinary passages, 
sexual organs (in ulcers, new-growths, etc.); in abortion, etc. ; haemor¬ 
rhage in the connective tissue, in serous sacs, etc.; in scorbutus; haemor¬ 
rhage from parasites (so-called Egyptian chlorosis, see p. 125). 2. Long- 

continued loss of various fluids, albuminates in particular, prolonged lacta¬ 
tion, unusually large flow of milk, child-bearing in rapid succession, large 
loss of albumen in albuminuria (2-10-25 grm. in twenty-four hours), 
and in dysentery, fever, blennorrhoeas of all sorts, chronic diarrhoea, suppu¬ 
ration (especially in the bones), upon cutaneous ulcers or those upon mucous 
surfaces ; profuse sweats, etc. 

Leube {Med. Centralbl ., 1869, No. 39) has noticed the appearance of albumen 
and even of serum-albumen in the sweat of four patients. Long-continued muscu¬ 
lar quietude reduces the amount of blood (Ranke). 

The above include those cases in which the loss of blood and fluids does 
not last too long, in which the digestive and respiratory organs are in a 
nominal state, in which there is the possibility of obtaining plenty of 
nutritious food; conditions in which chronic anaemia does not usually 
develop, but it does appear when opposite conditions prevail. 
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The phenomena of chronic anaemia are more or less fully explicable by 
the state of composition of the blood. This alteration is in part like, or 
similar to that present in acute anaemia produced by haemorrhage, or there 
exists a special poverty in red blood-globules (oligocythaemie) and in 
albuminoid bodies (hydraemia), because the other elements of the blood are 
relatively quickly replaced. The lack of albuminoid bodies leads to the 
development of oedema and anasarca, which are wanting in acute anaemia. 
( Vide supra.) Owing to a variety of causes the blood-pressure is 
diminished. 

Riess (Arch. f. Anat. Phys., u. s. w., 1872, p. 237) found in all those cases of 
impaired nutrition which are called anannia and cachexia, numerous small, glisten¬ 
ing, white granules in the blood. They were rounded, sometimes a little angular, 
measuring .0007 mm. to .0015 mm.; devoid of color; and between these bodies and un¬ 
changed white corpuscles there occurred many transition forms. Chemical reactions 
also indicated such a relationship: by the addition of water these bodies gradually 
became less dense, more quickly under the influence of dilute alkalies, etc. R. con¬ 
siders these corpuscles to be the products of disintegration of white globules. This 
would explain the absolute diminution of red globules which is observed in these 
morbid states. 

The most IMPORTANT symptoms are the following : General paleness of the 
external skin and of the mucous membranes; translucency of these parts in 
consequence of the diminution of parenchymatous fluid, and therefore les¬ 
sened thickness ; a feeling of weakness and prostration; small frequent pulse 
and weak cardiac impulse; the heart is irritable, hence a great tendency to 
congestion of internal and external organs. Respiration is calm during rest, 
but movements cause a more rapid increase of frequency than in health ; 
dyspnoea appears. The temperature is usually a little lowered. Disturbances 
of the nervous system, although, not wanting, are not as prominent as when 
anaemia is quickly produced : in general there is feebleness in the cerebral 
and sensorial functions, with abnormal irritability of the organs; the latter 
condition being especially marked. On the side of the digestive appara¬ 
tus we often note thirst, and anorexia. Nutrition in general is lowered. 
The fat gradually disappears, very seldom does it remain in normal 
amount, or increase (vide, p. 522). On those parts where lesions exist, 
or on which pressure is made, ulceration and gangrene are easily pro¬ 
duced. 

In many cases of ckronic anaemia there is a more or less well-marked 
haemorrhagic diathesis, or even distinct scorbutus. 

All the above-named symptoms of chronic anaemia, when present in a 
minor degree, ai’e not distinct; while some of them are not distinct even in 
great anaemia, and physician and patient may well overlook them : this is 
more especially true of dyspnoea. (Consult Traube, Ges. JBeitr., 1871, 
II., p. 1034.) 

b. Chronic anaemia by lessened supply of food : so-called inanition- 

AN.-EMIA. 

The most clearly defined anaemias of this class are those which are pro¬ 
duced by hunger ; that is to say, by absolute want, or imperfect supply of 
food. Inasmuch as, contrary to what was formerly thought, there is no 
marked diminution of blood in these cases, they are better called, not 
ansemia, but inanition-anaemia, or inanition. 

Food is a mixture which is fully capable of maintaining the proper composition of 
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the body; this mixture is consequently nutritious. A substance is nutritious which 
furnishes dements needed for the composition of the body, or makes possible the 
formation of such elements. 

The conditions which arise in the hungry and the starving states have 
been quite well studied by means of experiments on animals. In these 
experiments the animals were either left wholly without food, or with an 
occasional supply of water until death ; breathing was in nowise interfered 
with. In man there are a number of exam]ties in which more or less com¬ 
plete and uncomplicated inanition occurred; in some cases by deliberate 
intention, more usually because of certain diseases, stricture of the oesopha¬ 
gus, etc. Yet special investigation in such cases is wanting. 

The questions of the quantity and kind of food are important for the individual 
and for the State, but equally important for the physician ; partly because many 
diseases can be wholly prevented by a careful superintendence of diet, especially in 
the case of nurslings and young children, in educational establishments, orphan asy¬ 
lums, prisons, barracks, in countries afflicted with famine; and because many condi¬ 
tions which come under the physician’s observation are not the results of disease, but 
of relative or actual inanition. Consult CriossAT, Rech. exper. sur Vinanition, 1843 ; 
Collard de Martigny, Mngendie's Journal dePhys ., VIII. ; Bidder and Sciimidt, 
Die Verdauungssdfte u . der Stoffwechsel, 1852; Valentin, Repertor ., III.; Heiden- 
hain, Disq. crit. et ex per. , 1857; Panum, Virchow's Archiv , 1864, XXIX.. p. 211 ; 
Voit. ZeiUchr. f. Biol ., 1866, II., p. 307; Pkttenkofer and Voit, idem , 1869, V., 
p. 369; Boussingault, Playfair, Thomson, Sciigchardt, Edward Smith. 

Complete inanition as studied experimentally in animals. 

After the commencement of starvation the weight, functional activity, 
and excretions of the animal diminish. The diminution in weight is 
tolerably uniform during the whole duration of inanition, though during 
the first few days it is a little greater owing to the loss of the last food taken 
in. Decrease of excretions (carbonic acid, urea, etc.) is naturally less and 
less each day, because of the diminished weight of the body. The decrease 
in the functional activities, which is closely connected with decrease in the 
excretions, shows itself in animals during a state of rest by diminution of 
temperature, of the frequency of the pulse and respiration, by lessening of 
blood-pressure. 

The excretions are supplied by waste of the body itself. Individual 
parts of the body do not lose weight proportionately to the loss experienced 
by the whole body. There are variations in the amount of the different 
substances excreted. The urinary secretion in the first few days dimin¬ 
ishes much more than the body-weight, later in an equal proportion, in the 
last stages much more again. The excretion of carbonic acid diminishes at 
first in proportion to the body-weight, later less, and at the last much more 
again. The urine is more acid during starvation : its proportionate quantity 
of sulphuric and phosphoric acids increases. Chlorides diminish, and even 
disappear in a few days. The amount of urea excreted generally grows less 
a.nd less as inanition progresses, because with lessened metamorphosis in 
the tissues there is less decomposition of albuminates. In uncomplicated 
inanition, as early as the fifteenth day, albumen and very often mucin are 
found. In starved animals there may be total absence of glycogen in the 
liver. 

The greatest alterations in secretions are met with in starved herbivora ; and all 
starved animals must become in one sense carnivora, inasmuch as they subsist on 
their own bodies. 
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The following tabic? of Pettenkofer .and Yoit represent, in figures, the above- 
named results of inanition. 

It is to be remembered that a grown man, eating moderately, consumes, in twenty- 
four hours, 120 to 137 grm. of dry albuminous substance, 70 to 120 grm. of fat, 350 
to 400 grm. of carbo-hydrates. 

In the following experiments, using moderate diet, the amounts were : 137 grm. of 
albumen, 117 grm. of fat, 352 grm. of carbo-hydrates. 

The excretions, with such a diet, during three, or two different days (twenty-four 
hours), were as follows (in man): 


DURING STARVATION, AND WHILE QUIET. 


Urine 

Solids 

Urea 

Ashes 

NaCl SO s 

ro 6 

Uric acid. 

C. cent. 

grin. 

grm. 

gTm. 

gr:n. grm. 

grm. 

grm. 

1197.5 

49.5 

26.8 

19.7 

14.6 



907.9 

44.1 

26.3 

18.9 

13.2 



792.6 

46.3 

25.0 

14.4 

8.5 1.72 

2.95 

0.55 

wiTn 

MODERATE 

DIET, 

WHILE QUIET. (31.6 GRM. OF 

DRY 

FAECES.) 

1348.1 

64.5 

37.2 

18.1 

11.4 2.56 


0.8 

1119.3 


35.4 


10.6 


..,. — 

1367.0 

63.7 

37.2 

20.5 

13.1 2.66 

4.19 

0.8 


WITH MODERATE DIET 

, WHILE ACTIVE. 



1182.8 

66.8 

36.3 

21.1 

13.3 

4.15 

0.82 

1261.1 

66.9 

37.3 

19.4 

12.4 2.5 

4.07 

0.9 



DURING STARVATION, AND WHILE QUIET. 



Carbonic acid 

Oxygen 

Water exhaled by 

Total water 


exhaled. 

inhaled. 

lungs and skin. 

given oil. 


C. cent. 

C. cent. 

C. cent. 

C. cent. 


209.5 

779.9 

828.9 

1976.3 


197.6 

742.6 

814.1 

1677.5 


333.2 

1071.8 

1778.5 

2524.8 



WITH MODERATE 

DIET, WHILE QUIET. 



273.7 

709.0 

828.0 

2189.5 


288 0 

919.1 

1009.0 

2187.1 


284.3 

866.9 

957.4 

2387.5 



WITH MODERATE 

DIET, WHILE ACTIVE. 



374.7 

953.9 

2042.5 

3219.9 


336.3 

1006.1 

1411.8 

2700.0 



As regards individual organs and parts of tlie body, it appears that those 
parts which exert but little functional activity in the starving organism 
waste much more rapidly, as, for example, the fat-tissue, spleen, testes, etc. 
Weighing the various parts of starving animals has shown that the tissues 
and organs diminish in the following proportions : 

The fatty tissue undergoes the greatest waste, 91 to 93 per cent, of it 
disappearing ; leaving only its stroma. 

Next the muscles, which lose 42 per cent. ; those which are inactive fall 
away more than those which are active. 

The blood (contrary to older teaching) does not notably diminish rela¬ 
tively to the mass of the body, and there is nearly as little alteration in 
the relative amount of its important constituents: only the solids and the 
(especially) albumen of the serum, that element of the blood which is par- 
34 
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ticularly to be considered as nutritive material, diminish in a moderate but 
constant degree. 

The brain does not at all decrease in weight; lienee in starving creatures 
the cerebral faculties are often unimpaired for a long time. The spinal 
cord and nerves diminish very little. 

The fat which is stored up in fat-cells is of great importance as a reserve food 
in inanition, as it is consumed in this condition just as the albuminous elements of 
the food are, and is of equal value. The ultimate consumption of the fat is the 
cause of the great increase in the decomposition of albumen, which goes on until the 
want of albumen produces death. Individuals poor in albumen and fats, reduced 
persons so-called, soon die if exposed to starvation. (Voit. ) 

The above statements, in opposition to the views of Chossat, Biddeu-Scitmidt, 
and others, have llowed from the experiments of Valentin, Heidenhain, and 
especially Panum, upon the state of the blood in inanition. The number of blood- 
corpuscles is not greater in well-fed animals than in starved ones ; though the serum 
of those well-nourished is richer in solid constituents, and especially in albuminous 
substances. (Panum.) 

According to Valentin and It Wagner, in starved animals the red blood-corpus¬ 
cles become smaller. 

Death by inanition ensues wlien the animal has lost a certain part of his 
body-weight. The amount of this loss, and the length of time required, 
vary according to the species of animal, as well as according to its condition 
at the time the experiment is begun. Fattened animals need a certain time 
in order that their body-weight may approximate that of animals which are 
only sufficiently fed. 

According to Ciiossat, young lean pigeons die after having lost one-third of their 
weight (three days); old and fat ones only when they have lost one-half their weight 
(after thirteen days). Bidder's cats died on the eighteenth day, at which time their 
body-weight had sunk from 2464 grm. to 1267 grm. According to Chossat the 
higher animals lose from two-thirds to one-third of their weight before inanition 
causes death. On the average the daily loss of animals is 4.2 per cent., or one 
twenty-fourth of their weight each day. 

Manassei'N {Med. Central!}!,., 1868, No. 18) observed in all starved animals an 
extreme fatty degeneration of the heart, kidneys, liver, and of cartilage in a less 
degree. The changes in the voluntary striped muscular fibres was analogous to that 
seen in typhoid fever. In perfectly fresh corpses the blood was liquid, dark, and 
contained gas-bubbles in variable amount. The changes in the weight of various 
internal organs were different: the greatest loss in the spleen (amounting even to 
one-half), the liver, intestines; moderate loss in the stomach, lungs, testes; while 
the relative weight of the supra-renal capsules, eyes, heart, brain, etc., was increased. 
The TEMPERATURE of the starved animals remained normal (about 39° C.) until the 
last three or four days ; occasionally it sank to 38° C., and in the evening rose to 40 : 
C. Rapid falling of the body-heat from 38° to 30 J C. was observed by M. only in 
the last twenty-four hours. During the entire period the acid urine contained vary¬ 
ing amounts of albumen, and an abundance of mucin ; renal tube-casts, hyaline or 
granular, in large number, usually; occasionally distinct fat-globules. Flemming 
( Vi echo id's Archil LII., p. 568) found frequent and abundant nucleus-proliferation 
not only in the fat-cells of inflamed tissues, but also in simple atrophy caused by 
withholding food. 


Incomplete inanition according to experiments on animals. 

a. Incomplete inanition in the quantitative sense. 

This consists in that the food given contains all the elements which enter 
into the composition of foods (albuminates, fat or carbo-hydrates, gluten, 
water and salts), though in absolutely small quantities. The phenomena 
resemble those of absolute starvation, but are more slowly developed. 
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Whereas in absolute starvation the number of blood-corpuscles relatively to the 
other constituents of the blood as well as to the body-weight, is hardly altered, per¬ 
haps increased, the long-continued action of incomplete inanition affects blood-cor¬ 
puscles very destructively. After inanition has ceased, when nutritious food is again 
supplied, a condition appears in which the body-weight has again reached the normal 
point, in which the blood as a whole has regained its former volume, but in which the 
blood is deficient in blood-corpuscles, because owing to the absence of any reserve 
corpuscles they must be formed anew, a process much slower than that of building 
up the masses of the tissues and the blood. In this way is explained the fact that 
ill-fed individuals have a blood deficient in red blood-corpuscles. (Panum.) 

b. Incomplete inanition in the qualitative sense : i.e., deprivation of 
single articles of food. 

This leads usually just as quickly to a fatal result, although the emacia¬ 
tion is less. 

The food of animals may be divided in three classes: albuminous bodies 
(plastic elements), carbo-hydrates with fats (respiratory elements), and salts. 

Albuminous substances constitute the most important foods; they are 
the seat of metamorphosis, from them the tissues are formed, and they are 
the agents for the absorption of oxygen. 

Cakbo-hydrates (sugar and starch) and fats serve chiefly to the pro¬ 
duction of heat, and of vital force, and may reciprocally serve in each 
other’s place; and, furthermore, the substitution of albuminous substances 
for them is theoretically, and to a certain degree practically, possible. 
While albuminous bodies (red blood-corpuscles) carry oxygen, they are 
themselves decomposed, and about 80$ of the albumen which circulates in 
the fluids through the tissues (the so-called movable, or stored-up, or circu¬ 
lating albumen) is thus destroyed; while only about 1$ of that which is 
laid by in the organs, or fixed albumen (so-called stabile or organ-albumen), 
undergoes decomposition. Increased absorption of oxygen and increased 
excretion of urea are the usual consequences of increased ingestion of albu¬ 
men. The importance of salts consists in that they form important con¬ 
stituents of tissues. 

According to Fick (Archie f. d. ges. Phys., 1871, V., p. 40), the amount of albu¬ 
men in the body is a very constant one, and the albumen of food is for the least part 
absorbed as such, i.e., in an unpeptonized condition, and for the greatest part is 
used by the tissues not as albumen, but in the shape of various products which result 
from its complicated splitting up in the intestinal canal. According to F., the result 
of absorption of digested albumen is not simply an increase of the albuminous sub¬ 
stances stored up in the economy, but the appearance of entirely new combinations 
in the animal fluids—the peptones or their nearest derivatives, which undergo meta¬ 
morphosis much more easily than common albumen. This view is very different 
from the one generally accepted ; but according to it, the sudden increase in the 
excretion of nitrogenous products of metamorphosis in a few hours after a meal rich 
in albumen, is no longer paradoxical. 

A certain quantity of the above substances constitutes a minimum for 
the maintenance of the body. If, for example, an adult man needs in the 
normal state 120-140 grin, of dried albumen, 70-120 grm. fats, 350-400 
grin, of carbo-hydrates, the same man cannot subsist on about 60 grm. of 
albumen, and the above-named amounts of fats and carbo-hydrates. His 
activity and condition of nutrition vary with the amount and composition 
of his food. If an animal be regularly nourished with a quantitatively and 
qualitatively sufficient food, there shortly appears what is called the equilib¬ 
rium of nitrogen ( Stickstoffgleichgewicht ), that is to say, it excretes with 
its urine and fieces just as much nitrogen as it takes in with its food. This 
balance is not destroyed by muscular activity, but only by a change in the 
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quantity and quality of the food. In inanition more nitrogen is excreted 
at the beginning, but in a few days this amount becomes constant; the so- 
called starvation equilibrium of nitrogen is established, the animal subsists 
upon the stabile or organ-albumen, while at the beginning it lived upon the 
albumen remaining from food, the movable, stored-up, or circulation-albumen. 
In the state of starvation the amount of accumulation of circulation-albumen 
is very small, not equal to 1$ of the organ-albumen. Fat arrests the 
destruction of albumen, by keeping oxygen away from it, or by allowing 
the entrance of less oxygen in the blood. Certain things act in an opposite 
manner,increasing the decomposition of the circulating albumen; such are: 
abundant drinks of water, common salt, fever. Just like fat, sugar lessens 
the absorption of oxygen and thus saves albumen. Later, sugar preserves 
the fat. Starch acts in just the same manner, which, as is well known, 
does not become active in the organism under its own form, but as sugar. 
Yet it takes 2-3 parts of sugar and starch to act as efficiently as 1 part of 
fat. Gluten serves in the same way. 


In a state of inanition, in which the organism, after the consumption of the circu¬ 
lation-albumen, is obliged to make use of the organ-albumen, the tissues are no longer 
bathed in a fluid poorer in albumen than they are themselves ; consequently, for each 
element which is lost by interchange between cells and plasma, a certain portion of 
the organ must be dissolved. If the fat is consumed in starvation, the destruction 
of albumen is increased. A true fatty metamorphosis of albumen-holding organs 
docs not occur in simple inanition, as the moderate excretion of nitrogen indicates. 
Consult the well-known researches of Vo IT. 


Complete deprivation of water, including that contained in organic 
foods (although some animals need not drink at all, or at any rate do not 
drink when eating under normal conditions; as rabbits, cats), is followed 
by the refusal of solid food, so that death ensues as quickly as in complete 
starvation. 

Complete deprivation of solid food is soon followed by refusal of 
water, with the same result as in complete deprivation of water. 

Deprivation of albuminous food (food to consist of fat and water, or 
of fat, carbo-hydrates and water). The general emaciation is less, the excre¬ 
tion of urea is much lessened, and oxidation of the nitrogenous elements of 
the body made less active. 

Deprivation of fat does not produce any marked change in metamor¬ 
phosis of tissues if the food contain carbo-hydrates; but if the carbo-hydrates 
are wanting, emaciation is moderate, the excretion of urea is much in¬ 
creased, and there also occurs increased oxidation of nitrogenous elements 
in the body, so that much more albuminous material must be ingested. 
These facts are explained by the knowledge we now have that fats and 
carbo-hydrates may be formed from albuminates. 

An animal may subsist upon albumen and the salts appertaining to it, because 
carbo-hydrates and fats exist pre-formed, in a certain degree, in albuminous sub¬ 
stances. In animals or man, increased consumption of albumen is followed by an 
increase in the excretion of nitrogen, phosphoric acid, etc., by the urine. (J. Ranke, 
Voit. ) 

Deprivation of salts is known only by the effects of the withdrawal of 
common salt from the food; and this is not of much importance, because 
unsalted foods contain as much chloride of sodium as the organism needs. 
Salt added to food must be looked upon as only a condiment. 
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Food rendered as free as possible from salt is soon rejected by anima's, and they 
die before hunger forces them voluntarily to eat such food. Forcible feeding with 
substances nearly free from chloride of sodium, consisting of sufficient quantities of 
albumen, fat and starch, demonstrates that animals (pigeons, mice, dogs) at first 
excrete large quantities of salt from the body, later much less. Tissue-metamor¬ 
phosis in the body goes on normally as before. After prolonged feeding, digestion 
becomes disordered, as is shown by the animal rejecting food in 3-6 hours, in only a 
slightly altered state. Analysis of the tissues and blood shows that salts are retained 
with great tenacity, as organs show only a very slight diminution in the amount of 
their solid constituents. Scorbutus never occurs; but there is noticed extreme 
paralysis of the muscles of the hinder extremities, and those of mastication, which 
only disappears after a week’s feeding with salted food. 


Simple feeding with sugar causes death usually in eight days, and an 
average daily loss of weight of 3.4$. 

Simple feeding with fat causes a great loss of body-weight (daily loss 
of 2.8$), and a diminution of fat, and leads to death nearly as rapidly as 
complete inanition. 

Simple feeding with gelatine and gelatine-giving substances is likewise 
insufficient for the support of the body. 

Anaemia of inanition in man often occurs, but is seldom as purely devel¬ 
oped as in the above-mentioned experiments. It is seldom perfect in a 
quantitative or qualitative sense, because usually the taking of small 
amounts of liquid food is possible. It is not possible to state in figures the 
point at which the body reaches the minimum of nutrition, because the 
general constitution, the condition of the digestive organs, and other factors, 
e iter into the problem. The better the body is nourished, the more food 
is needed. Anaemia of inanition is seldom acute, if we exclude the hunger 
of ordinary life; it is usually sub-acute and chronic; in the first case it is 
often complicated, with fever especially. 

In human beings not having fever, acute inanition is seldom observed, except in 
cases of insanity. I had an opportunity of studying this condition for several days 
in a mentally healthy person, having an abscess of the upper larynx (Wagner, Arch, 
d. lieilk. , 1873, XIV., p. 92). 

Acute anaemia of inanition in fever, which only relatively seldom 
becomes chronic, because in chronic fever the appetite is usually preserved, 
is caused by the usually complete loss of appetite, nearly always accom¬ 
panied by thirst. This loss of appetite is not explicable. Possibly it is 
determined by a great diminution of gastric j nice (most probably when the 
loss of water through the lungs and skin is great), or by qualitative changes 
in this fluid. 

The phenomena of this anaemia of inanition differ in several respects 
from the kinds of anaemia already studied, in that with diminution of body- 
weight there is an increase in the excretions. This is caused by an actual 
increase in tissue-metamorphosis, hence oligocythmmia and hydraemia. The 
evaporation from the skin is often decidedly increased, even in those parts 
of the skin which feel perfectly dry. An increased separation of carbonic 
acid is met with in the pulmonary exhalation. The amount of urine is in 
general diminished, but the amount of urea, of uric acid, and of phosphoric 
acid, is increased. Chloride of sodium is the only element which is con¬ 
stantly diminished. Patients emaciate as in ordinary starvation, but 
more rapidly, and notably they show greater muscular weakness. ( Vide 
Fever.) 

Chronic anaemia of inanition appears in newly-born and young chil- 
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dren by insufficiency of food (too small quantity, bad condition of the 
mother’s or nurse’s milk, as well as in artificial feeding); in these, and also 
in adults, by severe affections of the mouth, pharynx, stomach, and intes¬ 
tines, which interfere with the taking of food, or at any rate, of solid food; 
by diminished absorption of elements of food by bloodvessels and lym¬ 
phatics (various affections of the stomach and of the small iutestines) ; by 
excessive corporeal or cerebral efforts and excitations, sleeplessness, pain, 
etc., in which cases loss of appetite constitutes a middle term. Many in¬ 
sane refuse all food, or will not take it in sufficient quantities for a long 
time. Some patients having disease of the stomach do the same from fear 
of pain, etc. In many non-febrile diseases of the lungs, heart, abdominal 
glands, the brain-inanition is produced in the above way, or through means 
not yet fully known. A number of forms of chronic poisoning (by lead, 
mercury, arsenic, malaria, etc.), lead to the same result. 

The phenomena of chronic anaemia of inanition are essentially the same as 
those which appear in starved animals. The body-weight, functional activity, 
and the excretions gradually diminish, with regularity ; the decrease in 
various organs is in the main as above stated ; conditions which naturally 
do not prevent the development of new tissues (hypertrophy of organic 
muscular fibres above stenosed (narrowed) apertures, tuberculosis, cancer, 
etc.). The blood and excretions are more especially affected by this de¬ 
crease : the urinary secretion, and the excretion of carbonic acid gas (prob¬ 
ably) are lessened. Constipation is the rule. 


The most striking and reliable numerical results are obtained from a study of the 
excretions of UREA. An adult, receiving a normal amount of mixed food, excretes 
from 30 to 40 grm. of urea. Ranke found that on the second day of inanition, it was 
17 grm. Seegen. in almost complete morbid inanition of long standing (in a 
woman), determined that only 6.1 grm. were separated in twenty-four hours. Sche¬ 
rer, in an insane person who had starved himself for several weeks, noted a daily 
excretion of urea still amounting to 0.5 grm. Ranke excreted, while taking food as 
usual, 9.0 grm. of Carbon, and only 7.5 grm. while fasting. 

In many cases, especially in convalescence from severe acute diseases, there appears 
a special tendency to the separation of water ; this may already happen when the 
blood contains six per cent, of albumen. Usually the oedema affects only dependent 
parts of the body (hydrops gravitativus). ( Vide infra.) 


It is comparatively rare that death is produced by pure inanition. Healthy 
men can withstand hunger and thirst but little more than a week, very seldom 
two weeks ; though the insane can fast longer. If water be had in abund¬ 
ance the fatal issue may be put off to the fiftieth day. In the various condi¬ 
tions referred to above, death is usually hastened by complicating diseases, 
in some cases by pneumonia, which may be caused by fragments of food 
lodging in the bronchi ; or death may be the direct result of the primary 
disease. 

Incomplete nourishment considered in a qualitative sense does not 
occur in man in such a degree as to cause vex-y serious l-esults. In spite of 
the unsuitableness of the food used by different classes of people, by nations 
in various zones, thore usually arises no peculiar general diseases, if no indi¬ 
gestible articles have been eaten, and if there have been no actual want of 
food. On the other hand, this imperfect feeding tends to develop a predis¬ 
position to disease, and often diminishes the resistance-power of the body to 
disease. 

The eating of too much potatoes, and other vegetables, or other substances 
containing but little nitrogen, without a sufficient amouixt of albumen as 
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compensation, makes the body poorer in albumen and fats, and richer in 
water. This last (watery state of the body) is also produced by overwork. 


c. Chronic anaemia of unknown causation. 

The types of anaemia belonging to this class are clinically well known, 
their diagnosis is usually easy, and in many of them certain lesions are also 
found after death; but their immediate cause is wholly unknown. 


a. Chlorosis. 

By the name chlorosis we sometimes designate a morbid condition which 
follows diseases which produce usually pure anaemia (so-called symptomatic 
chlorosis), and sometimes an independent anaemia, appearing under peculiar 
conditions, and accompanied by greater or lesser diminution in the number 
of red blood-corpuscles (the so-called pure or true chlorosis). We shall 
only consider the latter in this place. 

The blood of chlorotic persons shows as an important peculiarity, a dimi¬ 
nution of red blood-globules which is usually considerable (oligocythcemia 
rubra)', the proportion of red corpuscles, normally from 120 to 130 per 
mille, may sink to 50 and less. The white corpuscles either undergo no 
change or are somewhat diminished. Albumen and fibrin are also present 
in normal quantity. The water of the blood, in proportion to the reduced 
number of red globules, appears increased (plethora serosa). The total 
amount of blood is usually not altered. 


Duncan ( Wien. Sitzsber, 18(57, LY., p. 41(5) found in two cases of chlorosis (and 
one of leucocythasmia) the coloring power (depth of color) of the blood, as compared 
with that of healthy blood, to be 0.80, 0.31, and 0.37 : 1. The enumeration of red 
corpuscles showed no diminution (20,000 in healthy blood to about 20,000 in the 
patients); and D. concludes that diminished number of red corpuscles cannot be the 
most important cause of the chlorotic color, but that the reason of it lies in the fact 
that each blood-corpuscle contains less red pigment. In some acutely sick indivi¬ 
duals it was found that a G.cent. of blood contained the coloring power of six 
millions of red globules; while in chlorotic girls, in patients with confirmed phthisis, 
in those having leucocythsemia, a C.cent. of blood had the coloring power of only 
two millions corpuscles. 

Quincke also ( Virchow's Archiv , 1872, LIY., p. 537) found the amount of haemo¬ 
globin much diminished in the blood of chlorotic patients. In one case it was 
reduced quite to one-third of the normal amount (5.3 : 14.4); though after the use 
of iron during ten weeks it had quite doubled in quantity. In this case the number 
of red globules was distinctly diminished, and they sank more rapidly. 


The conditions which determine the appearance of chlorosis are: in the 
first place, the female sex, and the age between fourteen and twenty-four 
years ; bodily and mental strains; sexual excitement; occasionally unfavor¬ 
able hygienic conditions with respect to food, dwelling, etc.; perverted edu¬ 
cation. The immediate causes of chlorosis are unknown. Probably it does 
not consist in a sudden disintegration of blood-corpuscles, but in an insuf¬ 
ficient new-formation of white corpuscles, and a too scanty transformation 
of these into red corpuscles. 


The anatomical study of a few severe cases of chlorosis has showed, as a fre¬ 
quent lesion, congenitally deficient formation of the heart and large arterial trunks 
(" hypoplasie ” of Virchow) ; the former is at first rather small, later undergoes 
hypertrophy; the aorta is strikingly narrow, its walls are very thin, there are often 
anomalies in the origin of its branches, and wave-like or bar-like elevations of the 
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membrana intima, and extensive fatty degeneration of the same membrane (Vir¬ 
chow). According to Rokitansky, there is frequently incomplete development of 
the sexual organs, small ovaries containing only a few follicles, infantile uterus, etc. 
In childbed there occasionally occurs a valvular endocarditis, which, on account of 
its endangering life so much, Virchow calls endocarditis maligna. Consult Roki¬ 
tansky, Ilandb. der Path. Anat. , 1846, I., p. 558, 1844, II., pp. 418, 485; Lehrbuch , 
1856, II., pp. 262, 337. Virchow, Gesam. Abhdl., 1856, p. 494; Wien. med. Wo- 
chensc.hr ., 1857, No. 27; Deutsche Klinik , 1859, No. 23; Beitr. z. Geburtsh., u. s. w., 
4872, I., p. 323. H. Schulze, Ueber Ghlarose, Berlin. Diss., 1868. 

The phenomena of chlorosis are pre-eminently the result of the poverty 
of the blood in red corpuscles (oxygen-carriers). Among them are : the 
pale color of the skin and mucous membranes, especially of such portions as 
naturally are highly colored by blood; weakness of the voluntary muscles 
(sense of fatigue, indisposition to exertion, etc.), and of the heart (small, 
soft pulse, dilatation of the heart, murmurs in this and in the veins in 
consequence of abnormal tension of the cardiac valves and of the walls of 
vessels); shortness of breath, especially during physical exertion (with pro¬ 
longed expiration); weakness of the stomach and loss of appetite (in conse¬ 
quence probably of alteration of the gastric juice), inertia of the bowels 
(frequent constipation); abnormally light, pale urine, deficient in urea; 
frequently scanty and pale menstruation, or complete amenorrhoea, seldom 
menorrhagia, it is not unlikely that to the same cause are also due the 
anomalies in the nervous functions (hypersesthesia, neuralgia, cramps, hys¬ 
teria, etc. ; palpitation of the heart, tendency to rapid action of the heart, 
to congestion, etc.). With all the above symptoms the deposit of fat about 
the body often remains unchanged or even seems increased ( vide p. 523), 
whereas the muscular system usually diminishes notably. 

Usually chlorosis ends in cure, even without the causes ceasing to act, 
by the giving of preparations of iron and of fatty food. Very seldom, and 
usually through complications, it causes death. 

In chronic heart-disease of long standing (especially common valvular lesions (there 
is produced a condition of the skin and of the composition of the blood similar to those 
existing in chlorosis, the so-called cachexie cardiaque of Anorak. The constant 
cyanosis of the mucous membranes serves to establish the diagnosis. The morbid 
condition is produced by lessening of the force of the heart, by lowering of pressure 
in the arterial, and increase in the venous system; by consecutive changes in the 
liver, spleen, kidneys, stomach, intestines, lungs, which disturb hamiatopoiesis, diges¬ 
tion, respiration, etc.; and probably also by peculiar pigmentation of the skin. In 
these cases also the blood is poorer in red corpuscles and richer in water. 


/3. Addison’s disease. 

In this disease, besides a general extreme anaemia, there are observed a 
peculiar bronzing of the skin and visible mucous membranes, a special 
sense of weakness, etc. The important alterations found past mortem 
consist of inflammatory changes in the supra-renal capsules and coeliac 
plexus. 

Consult Addison, On the Const, and Local Effects of Disease of the Supra-renal 
Capsules , Lond., 1855.— Brown-S^quard, Arch. Gen., Oct. and Nov., 1856.— 
Harley, Brit, and For. Med.-Chir. Review , Jan. and April, 1857.— Averbeck, Die 
Addison'sche Krankhe.it, 1869.— Rossbacii, Virchow's Archiv., L., p. 591, LI., p. 100. 
—Riser, D. Archiv f klin. Med., 1870, VII., p. 34.—Rosenstkin ( Virchow's Arch., 
1872, LVI., 27) found in two cases of morbus Addisonii an important decrease in the 
daily excretion of urea (13 to 20 grm.), and, in accord with Averbeck, a marked 
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increase in the quantity of inclican (64 to 75 mgrra. in 1,000 C. cent, of urine, — eleven 
or twelve times more than normal). 

[Consult also: I. E. Taylor, On the Sunburnt Appearance of the Skin as an Early 
Diagnostic Sign of the Supra-lleual Capsule Disease, New York Journal of Med, , 1856, 
Sept.—E. II. Green how, Lectures on Addison's Disease , in Med. Times and Gaz ., 
1875, March, April, May, and June.—E d.] 

Biermer ( Corr.-Bl. f schweitz. Aertze , 1871, II., No. 1) describes a peculiar form 
of “progressive pernicious anaamia,” whose development is accompanied by fatty 
degeneration in the circulatory apparatus (heart and small vessels), by capillary 
haemorrhages in the skin, retina, brain, etc., by chronic diarrhoea. 

Chronic anaemia occurs in many diseases of the spleen, etc. See Leucocy- 
THA2MIA. 

The anaemia of obesity has already been referred to. See Ranke, p. 878. 


III. CHANGES IN THE AMOUNT OF HAEMOGLOBIN IN THE BLOOD. 

H.emoglobin (lnenuitoglolmlin, haematocystallin), the ferruginous red 
pigment of blood-corpuscles, which holds in chemical combination oxygen, 
carbonic oxide, oxide of nitrogen, and which is easily decomposed by acids 
(even the weakest), alkalies, etc., into an albuminous body (globulin), and 
a ferruginous pigment (h.ematin), is but little known pathologically. Con¬ 
cerning changes in it in various forms of suffocation, vide infra. 

The following important data are extracted from the investigations of Pkeyer, 
especially those of Scbbotin, Z. f. Biol., 1871, VII., p. 188. The blood of full- 
grown animals contains more blood than that of the young. Diseases often bring 
about a decrease in the quantity of haamoglobin. In a diabetic girl there was 11.1 
per cent, haemoglobin instead of 13.2 (Pkeyer). After large haemorrhages and in 
chlorosis the reduction may go to 5 per cent., 4.6 per cent., and even lower. The 
great diminution of haemoglobin in disease does not depend upon local or general 
starvation of the organism, for a dog starved during thirty-eight days still showed 
13.33 per cent, of this substance, compared with 13.80 per cent, on the first day of the 
experiment. Starved herbivora (rabbits) even exhibited an increase of haemoglobin ; 
while eating their usual food the proportion was 8.85 per cent. ; after fourteen days 
of starvation, 9.50 per cent. Quite different from the results obtained in complete 
inanition are those observed during the giving of insufficient food, by which the blood 
(and body generally) is made over-rich in water, as observed by Bisciioff and V oit, 
during the feeding of herbivora with bread. It follows from the researches of Sub- 
BOTIN that the kind of food used has great influence upon the amount of hmmoglobin. 
A food deficient in albumen, or much non-nitrogenous food, or the accumulation of 
fat in the body, reduces the amount of haemoglobin. In fat animals the blood, posi¬ 
tively diminished in quantity, contains relatively less haemoglobin than in those less 
fleshy (Ranke). 

IY. CHANGES IN THE AMOUNT OF ALBUMEN IN THE BLOOD. 

(IIYPALBUMINOSIS AND IIYPERALBUMINOSIS.) 

Increase and decrease of the albumen in the blood are practically of 
great interest. Their occurrence is by no means hypothetical, since the 
quantitative estimation of albumen can be very exactly made; naturally 
only relatively to a given amount of blood, not to the whole mass of the 
blood. 

Albumen, which, as is well known, is taken up by blood from nitrogenous 
articles of food, has two important functions : 1, it is the most important 
substance for the nutrition and growth of tissues and organs ; 2, it possesses 
endosmotic properties, the fluid part of the blood having, because of its 
contained albumen, the property of taking up weak solutions from the 
stomach, intestines, and parencliymata as well, according to the laws of 
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endosmosis. If there be a decrease of albumen, its place will be taken 
either by water or salts (especially chloride of sodium), in the proportion of 
eight to ten parts of albumen of the serum to one part of salts (mingled as 
is usual with blood-salts). 


1. Hypalbuminosis. 

The amount of albumen in the blood may decrease from 80 per mille to 
70, 50, and even 37 per mille. At the same time there occurs an increase 
in the amount of salts, and especially of water in the blood; the latter 
rising from 905 per mille to 920, 940, and even 950 per mille. Hence the 
word hydbjemia is often used as synonymous with hypalbuminosis, although 
it may be applied in other conditions, as, for example, in relative oligocy- 
thsemia. Hypalbuminosis is usually relative. 

The causes of hypalbuminosis are: complete want of food, or insufficient 
food in the quantitative or qualitative sense. 

During inanition the total amount of blood is not diminished much more propor • 
tionately than the mass of the body; the solid constituents of the blood are not much 
altered from the normal; it is only the solid ingredients of the serum, albumen in 
particular, which constantly diminish, though not in a striking manner (PANUM). 
Naturally the same result is produced by food which is quantitatively deficient, or is 
lacking in albumen. 


Disorders of gastric and intestinal digestion act in the same manner, for, 
in consequence, food is not taken, or the digestion and absorption of what is 
taken is rendered difficult or altogether prevented ; this being the result of 
primary and secondary diseases of these parts, such as occur in severe febrile 
conditions; severe acute diseases of all kinds; seveVe affections of the liver, 
spleen, lungs, heart, mechanical ascites, etc. ; morbid losses of albumen by 
haemorrhage of all kinds, as well as by escape of albuminous fluids (albu¬ 
minuria, albuminous stools, as in dysentery, excessive lactation, long-con¬ 
tinued suppuration, large transudations or exudations, etc.), are followed 
by hypalbuminosis as soon as the quantity of food ingested is not sufficient 
to replace the lost albumen. Of greatest practical importance in this con¬ 
nection is albuminuria, i.e ., the escape of albumen through the kidneys. 
This most often occurs in consequence of change in the blood-pressure, either 
in the renal vessels alone (congestive hyperaemia, vide p. 181 and p. 186), 
or in those of the whole body, more particularly in its lower half (in severe 
febrile diseases, universally lessened pressure from cardiac weakness, suffo¬ 
cation, chronic cardiac diseases). Alterations in the parenchyma of the 
kidneys may be present (in all prolonged cases) or absent. Or else albu¬ 
minuria is caused bj’’ true disease of the renal substance (the so-called second 
stage of Bright’s disease, lardaceous, granular kidney; more rarely other 
renal diseases). Or, it is of unknown origin (as in diphtheria, scarlet fever, 
etc.; refrigeration, burning). It is questionable if besides this albuminuria 
of renal origin there is one of lnemic origin (as in experimentally produced 
dilution of the blood by injections of water, the withdrawal of chloride of 
sodium, by injection of albumen in the vessels). The albumen which is 
excreted through the kidneys is usually serum-albumen, seldom paraglobuliu, 
paralbumen, etc. The amount of albumen excreted in this way varies in 
different cases from one to two to twenty and twenty-five grm. in twenty- 
four hours. Quantities not exceeding five grm. are not of importance in 
this connection. 
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In the so-called second stage of Bright’s disease, that of inflammatory swelling of 
the kidney, the quantity of albumen lost in the urine is much larger than in the 
granular kidney; in the former the albumen may amount to three per cent, (and 
more), which is equivalent to twenty grm. (and more) per diem, while with the con¬ 
tracted kiduey the albumen may not even equal as much per mille. (Bartels.) 

Yogel and Neubauek (,Analyse des Harris, 1872, pp. 2G7-8) estimate that in 
uncomplicated (by fever, etc.) cases, and in a normal state of the digestive organs, a 
daily loss of ten grm. of albumen can be replaced by the ingestion of three ounces of 
meat. 

Consult Bartels in Volkmann, Klin. Vortrdge , 1872, No. 25; Mitth.f. d. Schlesw.- 
Holst. Aerzte , 1872. 4. II., p. 41. 

HEMOGLOBINURIA, that is to say, the passage of urine containing blood-pigment 
(though without blood-corpuscles), and showing the spectrum lines characteristic of 
haemoglobin, occurs in similar circumstances. 

[For loss of concealed blood-pigment in urine, consult G. Harley, The Urine and its 
Derangements. Loud., 1872.—Ed.] 

That in loss of albumen through the kidneys in nephritis not only the serum suffers, 
bub that also the solid ingredients of blood-corpuscles are lessened, was shown by 
Quincke’s investigations into the amount of haemoglobin contained in the blood ( Vir¬ 
chow’s Archiv, 1872, LIV., p. 587). In several cases of nephritis with varying degrees 
of oedema, there were found in 100 grm. of blood, 8.5, 10.8,11.4 grm. of haemoglobin, 
instead of the normal amount, about 14.4 grm. 

The phenomena and consequences of hvpalbuminosis are : 1. Disturb¬ 
ances of endosmosis and exosmosis between the blood on the one side, 
and gastric and intestinal contents, parenchymatous fluids on the other. 
In consequence there is diminished absorption of nutritive material from 
the digestive tract, and thereby an increase of hypalbuminosis; and also 
increased or more easy escape of the liquid of the blood into tissues, hence 
dropsy (vide p. 234). 2. Insufficient formation of digestive fluids (of 

stomach and intestines, the bile, etc.). 3. Altered nutrition and repair of 
tissues. From the above conditions there appear later changes similar to 
those observed in chronic inanition, (vide p. 533), and, especially often, 
albuminuria. 


2. Hyperalbuminosis. 

Although we know pretty well the quantity of albumen which the blood 
generally contains, we are as yet wholly without exact data upon the 
questions of variations in the amount of albumen in various physiological 
conditions (before and after eating, at different ages, after the use of differ¬ 
ent articles of food, etc.). For these reasons we cannot now consider a 
minor degree of hyperalbuminosis as pathological. 

The diet of English pugilists, that used in the training of race-horses, aims to 
render the body poor in fat and rich in circulation-albumen by the giving of an 
almost exclusively albuminous food. (Vo it.) 

Hyperalbuminosis is relative or absolute. Eelative hyperalbuminosis 
occurs in consequence of conditions by which the blood loses, simul¬ 
taneously, much water and salts, and little or no albumen: as in cholera, 
more rarely in other diarrhoeas, after the giving of drastic purgatives. It 
is probable that this relative hyperalbuminosis cannot long remain, because 
the blood quickly takes up water (in consequence of the colloid properties 
of albumen) from food and drink, as well as from the tissues. In this 
manner relative hyperalbuminosis disappears, or absolute hyperalbuminosis 
is established. 

Absolute hyperalbuminosis, i.e., the increase of the whole of the 
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albumen in the blood, is not as yet demonstrable, because we do not exactly 
know the total quantity of blood in the body. Its causes are probably a 
very great abundance of proteinaceous food with simultaneous small 
amount of muscular exertion, and feeble respiration. 

Y. CHANGES IN THE AMOUNT OF WATER IN THE BLOOD. 

The amount of water in the blood, in its corpuscles as well as in the 
plasma, normally varies according to age, sex, kind of occupation, and 
more especially according to the kind and amount of food. During the 
period of digestion it is diminished, whereas all other constituents are in¬ 
creased. The reverse is the case in the fasting state. Long-continued 
eating of meat lessens the quantity of water, while a vegetable diet in¬ 
creases it. Abundant drinks do not augment it, or do so only temporarily, 
as the extra fluid is quickly excreted. The blood immediately after pro¬ 
longed muscular exertion appears poorer in water than in a state of rest. 

1. Diminution of the amount of water in the blood. 

A diminution of the water of the blood is observed after the action of 
purgatives, after severe common diarrhoea, dysentery, and especially cholera, 
owing to abundant transudation from the blood into the intestines; it 
occurs also in experimental or therapeutical water-starvation. In cholera 
the blood may be so much deprived of water that it assumes a tar-like 
consistency. At the same time the serum becomes richer in albumen and 
salts, particularly in potassa salts and phosphates. The latter derive from 
the blood-corpuscles, which are consequently impoverished, and probably 
in part perish. Later, the blood becomes richer in urea, owing to more or 
less complete arrest of the excretion of this body by the kidneys, and in 
spite of a certain amount of excretion by the skin. Other products of 
decomposition (sugar) are present in larger quantities. 

Immediately after muscular exertion the blood contains a smaller percentage of 
water than during a state of repose, because the products of muscular waste at first 
accumulate in it. In deprivation of food, or when the amount of food is insuffi¬ 
cient to replace the great waste attending labor, the muscles and the entire organ¬ 
ism become richer in water, and ultimately the blood becomes so too. Thus it 
appears that excessive work produces the same effect as prolonged loss of fluids. 
Above all, the amount of water in the blood stands in direct relation to that in the 
tissues: the more water is contained in the latter, the more there is in the former. 
(Schottin, Ranke.) 

The phenomena and consequences of diminution of the amount of water 
in the blood are dependent: in the first place upon this diminution 
itself; next upon lessened humidity of the tissues, the blood quickly ab¬ 
sorbing their water (even serous effusions of long standing may thus be 
taken up); lastly, upon a secondary alteration in the circulation. Through 
a combination of the above conditions there appears in typical cases a 
characteristic group of symptoms, which we see especially well-marked in 
the first, so-called aspliyxial, stage of Asiatic cholera. 

The other consequences of diminution of the water of the blood are : 
great thirst, whose sudden gratification is often followed by vomiting; 
diminution of all secretions (urine, saliva, cutaneous exhalations, milk); 
collapse of external parts of the body, especially of the skin and subcu¬ 
taneous fat: the skin appears wrinkled, loses its elasticity, so that its folds 
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remain longer in one position than in the normal state; the nose becomes 
pointed; the eyes are much sunken. Muscular pains, and the frequent 
local cramps are probably due to the same cause, or more particularly by 
concentration of the body-fluids. 

Besides, there are a number of conditions which are in part the direct 
result of the reduction of the water, and in greater consequences of retarda¬ 
tion of the circulation. This retardation is chiefly owing to diminution of 
the intercellular liquid of the blood, which produces a relative increase 
in red blood-corpuscles; in part, probably, due to changes in the physical 
and chemical properties of the red globules (the cyanotic hue of the skin 
being due to their deeper color); lastly, to secondary disorders of the nerv¬ 
ous system. The skin and visible mucous membranes are colored gray or 
grayish; the temperature of the skin is much lowered : we have the so- 
called algid stage. The pulse gradually disappears, first in smaller arte¬ 
ries, then in larger ones, lastly in the heart. In consequence of retarded 
movements of the blood in the pulmonary capillaries, the expired air con¬ 
tains less carbonic acid; patients experience sensations of oppression. 
The entire muscular system is the seat of fatigue; the voice for this reason 
is toneless. There not rarely appear peripheral muscular cramps, as well 
as hiccough, which are perhaps produced by free potassa salts in the serum. 
The proper brain-functions remain normal; there is usually complete con¬ 
sciousness, rarely syncope; there are frequent complaints of darkened 
vision, of tinnitus aurium. Reflex excitability is, as a rule, diminished. 

If a frog be allowed to sit a long time in a concentrated solution of chloride of 
sodium, or if this be injected subcutaneously, a well-marked cataract is formed 
(Kunde). Is this in consequence of withdrawal of water from the crystalline lens ? 

The return to the normal state in mild cases usually quickly takes place 
by the taking in of large quantities of fluid. In severe cases this is made 
difficult, because the liquids are again evacuated by vomiting or by stool, 
and deatli ensues through impediment to the circulation or respiration, 
through the presence of abnormal quantities of certain substances, as 
potassa salts, and phosphoric acid in the blood, or through various second¬ 
ary (often inflammatory) affections. 

2. Increase of the amount of water in the blood. 

In disease, this condition occurs under all the conditions which bring 
about a reduction of the total amount of blood, especially losses of blood 
and albuminous substances ( vide p. 519 and p. 526), as well as inanition 
from whatever cause; it is produced, furthermore, by interference with the 
excretion of water through the kidneys (even after experimental removal 
of these organs, or ligature of the ureters), through the skin; perhaps also 
in extensive burns. (In pregnancy ?) 

The phenomena and consequences of hydremia are in part like those of 
anaemia and of hypalbuminosis ( vide supra) ; and often hydraemia is the 
most important cause of so-called cachectic or hydraemic dropsy ( vide p. 
234). This dropsy makes its appearance often without other cause, at 
times through the concurrent action of relatively slight mechanical cause 
of the most various sort. Its mechanism consists in the not as yet fully 
known physical and chemical laws which determine increased filtration 
and diffusion of the water of the blood into the tissues. 

Bernstein (Med. GentralU ., 1867, No. 1) observed after injections of fluid (water 
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or blood: in rabbits 25 C. cent., in dogs 45 C. cent.) a diminution in the number of 
arterial pulse-beats, persisting for a few minutes, and gradually passing to the 
normal. This reduction of pulse-rate produced by increased blood-pressure, took 
place through the vagi. 

Becqueiiel and Rodier believe that dropsy (which they called symptom¬ 
atic dropsy) must occur if there be 6$ of albumen in the blood ; though this 
occurs only with simultaneous increase of pressure. Dropsy may be pro¬ 
duced by injecting an abundance of water into the vessels of an animal 
(Bonders, Kierulf, L. Hermann) ; but it quickly disappears because of 
increased urinary secretion, if the kidneys be healthy. We are not refer¬ 
ring in this place to a mere artificial serous cachexia, for the force of the 
heart gradually diminishes, and accumulation of blood takes place in the 
veins, if blood be replaced by water. Abundant drinking does not conduce 
to dropsy. 

That blood deficient in albumen escapes more easily from the vessels is 
shown by the following experiments (among others) of BrUcke. A frog, 
one of whose sciatic nerves was cut, placed in a large glass vessel upon a 
piece of moist filtering paper, showed, after a few weeks, oedema of the 
palsied leg. Upon the frog’s being fed with meat-worms, the oedema quickly 
disappeared; returned in inanition; and disappeared again under the in¬ 
fluence of food, etc. 


VI. excess of fat in the blood. 

An excessive proportion of fat in the blood may show itself under two 
entirely different circumstances. 

Either, as a result of crushing, suppuration, disintegration, the fat of sub¬ 
cutaneous connective tissue, and (especially) of the marrow of bones, is taken 
up by lymphatic vessels or directly by bloodvessels, and produces embolism 
of the pulmonary capillaries, more seldom of the capillaries of other organs; 
these emboli being absorbed in an unknown manner without doing any mis¬ 
chief, or else producing local alterations, metastatic hyperaemia, inflamma¬ 
tion, etc. (vide p. 200, p. 209, and Pyjemia). 

Or, the superfluous fat is derived from the food. We here only consider 
the fat thus derived, the so-called fatty or chylous blood-serum. 

This is observed a few hours after a meal containing an abundance of 
fatty material, perhaps independently of this in habitual drinkers. The 
blood-serum may, in this way, become so milky, that it will show upon its 
surface a cream-like layer, containing innumerable small, and a few large 
oil-globules. 

The consequences of habitual chylous blood are not thoroughly known. 
In many cases, with simultaneous sedentary habits, there arises fatty ab¬ 
dominal deposit. There occurs also, probably, a lessening of the absorption 
of oxygen by the blood-corpuscles. Under a regimen rich in hydro carbons, 
and deficient in albumen, the so-called fatty degeneration of tissues (muscles, 
liver) may appear acutely. In such circumstances also fluid fat is some¬ 
times found in the blood. 

VII. CHANGES IN THE FIBRIN OF THE BLOOD. 

Such changes are not yet known with certainty, because we have, until 
recently, been acquainted only with so-called coagulated fibrin, its insoluble 
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(in water) form, because separate study of fibrino-plastic substance and of 
fibrinogen was not yet possible; and because the statements concerning in¬ 
crease or decrease of fibrin in disease (so-called hyperinosis and hypinosis) 
were nearly all based upon increased rapidity of coagulation, and upon the 
firmer consistence of the clot derived from blood-letting. 

[Consult: Williams, Principles of Medicine, Phila., 1857, p. 150. Andral et 
Gavarhet, ltecherches sur les modifications deproportion de qudques principes du sang 
( fibrine , globules , etc.) in Ann. de chimie et de physique, t. LXXV., Nov. 1840.— Ed.] 

Hyperinosis is said to be present in inflammatory diseases, especially 
those of the respiratory organs, of serous membranes, and of articulations; 
hypinosis in scorbutus and analogous states. 

Increased coagulability of fibrin in the living body, inopexia, is said to 
be the cause of the formation of thrombi. 


YIIL PLETHORA. 

(POLYIT.EMIA. REPLETION.) 

Plethora is the name given to that condition in which the mass of the 
blood is absolutely increased, and in which its composition is not materially 
changed. But, as we do not know what the normal amount of blood is, 
the existence of true plethora cannot as yet be demonstrated. 

The total mass of blood in the adult is at the present time consiclei’ed to 
amount to to dj of the weight of the body: in the newly-born it is 
smaller, according to several observers, only ; in old age it gradually 
diminishes. 

Compare the physiological researches (differing much) of Ed. Weber and Leh¬ 
mann, of Wklcker. Bisciioff, Panum, Heidenhain, Gsciieidlen, Brozett, 
Subbotin, Ranke. Steinberg-, and others. Fattened animals have a relatively 
smaller, starved animals a relatively larger amount of blood. 

Many conditions designated as plethora are probably the following states: 

Polycythemia (polycytlnmnia rubra), that is to say, an increase in the 
number of red corpuscles. Yet this condition cannot as yet be satisfactorily 
demonstrated, because the methods now used to enumerate the corpuscles 
are not sufficiently exact, and because the number of red globules probably 
vai’ies a good deal in physiological conditions. Such a difference in num¬ 
bers appears to have been demonstrated only with reference to the male and 
female sexes. Polyhaemia, and polycythsemia as well, are in most cases 
only transitory states. 

PANUM (Virchords Archiv, XXIX., p. 481) observed that the blood of young dogs 
was much richer in solid constituents than that of their mother. Comparisons of the 
solid residue, of the specific gravity, and of the coloring property of the whipped 
blood, showed, farther, that it was extraordinary richness in red corpuscles which 
distinguished the blood of the bitch from that of the puppies. This is in accordance 
with the results of Dents and Poggiale. Besides, Panum found that the concen¬ 
trated blood of the newly-born soon becomes poorer in solid ingredients (especially 
blood-globules), and richer in water and fibrin; and that later, after growth is com¬ 
plete, it again contains more solids, without, however, ever attaining the proportions 
present in the newly-born. 

According to Andral and Gavarret, and Delafond {Ann. de chimie etde physique, 
1.842), the blood of the strongest animals on the average contains the largest propor- 
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tion of red globules. The number of blood-globules in the sheep being taken as a 
standard at 93, there was found in finer and stronger sheep an amount equal to 101— 
110, and in the strongest sheep of the drove 123. Vierordt (Arehivf. phys. Ihilk ., 
1854, p. 409) found in a marmot during hibernation (in 1 C. cent of blood) 7,748,000 
globules on November 1st; 5,100,000 on January oth; and 2,335,000 on February 
4th. 

Polyhaemia, or especially polycythaemia, makes its appearance: in young 
individuals, and in the period of greatest development, especially if the per¬ 
sons have experienced a change from bad diet with much labor to better 
food and diminished exertion; when habitual haemorrhages are suppressed 
(menstruation, nose-bleed, luemorrhoidal flux, regular venesection) ; when 
the secretion of abundantly suppurating sores is arrested ; sometimes after 
transfusion. 

According to An dual and Gavarret, and others, the blood in the last months of 
pregnancy becomes poorer in red corpuscles and albumen, richer in white corpuscles, 
fibrin, and water. Spiegelrerg and Gscheidlen (Archiv f. Gynak., 1872, IV., p. 
1.12) observed in bitches during the first half of pregnancy no increase in the amount 
of blood, a change which does take place soon after the middle period of pregnancy. 
Xu this increase the change in the amount of water is unimportant, it may even not 
occur ; the amount of hasmoglobin diminishes within limits allowed by nutrition. 


The ingestion of nutritious and abundant food, during an inactive life, 
seldom leads to the development of a plethoric condition, but usually con¬ 
duces to corpulency. This luxurious living involves excess in all articles 
of food, or in a few. In the first case no attention is to be paid to the 
water and salts ; as excessive quantities of these are at once excreted, water 
through the skin and kidneys, salts through the kidneys. With an abun¬ 
dant supply of nitrogenous and non-nitrogenous foods the body-weight 
increases, the fat especially increasing; a copious supply of nitrogenous food 
augments the excretion of urea extremely ; the use of much fat or h vdro-car- 
bons diminishes it. If a superabundance of easily oxidized non-nitrogenous 
substances (fats, liydro-carbons) be taken, the amount of fat becomes greater. 
With respect to this it is yet doubtful whether the fatty deposit derives 
directly from the superfluous fat in the food, or whether it is formed, 
indirectly, from the carbo-hydrates on the one hand, and from albuminous 
bodies on the other. Fat is deposited if only so much food be taken that 
the albumen contained in it will not suffice to oxidize the ingested fat; or 
if, together with albumen and fat, so much carbo-hydrate reach the blood 
that it (being more easily burned) will protect the fat from oxidation. Fat 
may be formed out of albumen if a sufficient amount of carbo-hydrates be 
present in the blood in addition to the albumen. No fat is formed directly 
from carbo-hydrates. As a result of excessive ingestion of nitrogenous 
substances there occurs a decomposition of the non-nitrogenous (glycogen, 
sugar), and the nitrogenous compounds of the body. The latter products 
ultimately appear in the urine as urea, uric, and hippuric acids. 

The majority of the questions which come up here for consideration belong to the 
domain of the pathology of nutrition. Those conditions which determine fattening 
are of physiological and agricultural interest (vide p. 400). In the last decade the sub¬ 
ject of diminution of fat, the so-called Banting cure, has acquired importance in 
the eye of physicians. If we wish to bring about an increase of fat we must pre¬ 
vent an accumulation of the circulating albumen, that is to say, prevent an increase 
of the intermediate fluids of nutrition. In a fat body the albumen derived from 
food is much more easily changed to organ-albumen, than in a lean body, in which 
it goes to increase the amount of circulating albumen, and is shortly in greater part 
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destroyed. There is, conversely, more fat destroyed and more of the stored-np 
fat decomposed, if there be a large amount of circulating albumen, as, for exam¬ 
ple, during the eating of an abundance of meat. There is then next to no fat 
produced, and, on the contrary, that which was laid by is reduced (PettenkoEer 
and Yoit, also Voit, Zeitschr. f. Biol., V., p. 79, p. 329, IX., p. 1). 

The manifestations of polyhremia should be : increased sense of strength, 
a red, full face (in the dark complexioned there is a turgid, tense skin 
without redness of the cheeks, bright red mucous membranes, full pulse, 
strong cardiac impulse, full veins. Such individuals are theoretically 
healthy, but they suffer severely from morbid manifestations. They fre¬ 
quently have congestion of the brain, palpitation of the heart, a sense of 
fulness in the chest, shortness of breath ; and all of these more severely if 
usual haemorrhages are suppressed. It is not demonstrable that serious 
secondary results (cardiac hypertrophy, etc.) are produced by long-con¬ 
tinued polyhaemia, or by its frequent return. 

The symptoms of plethora are likewise seen in transfusion, if it be done too 
rapidly or with too large a quantity of blood. Even paralysis of the heart and 
death may result from over-filling and distention of the right heart (Panum 1. c., 
Mittler, Verna, ub. die Transfusion des Blutes, Wien. Sitzungsber ., Nov., 18G8). 
Ludwig (oral communication) was able to inject into a dog double the amount of 
the blood in its body, without observing any important symptoms except a slight 
increase in blood-pressure. We have as yet no researches on the excretion of car¬ 
bonic acid, nitrogen, etc., in this condition. 

By the name of plethora apocoptica is meant the supposed increase of 
blood which occurs in consequence of the sudden removal of a large part 
of the body, as, for example, amputation of an extremity: the organism 
contains the same amount of blood as before the operation. 

O. Weber ( Handb ., p. 585), who has attempted to solve the question of the exist¬ 
ence of plethora apocoptica by measuring the blood-pressure, found that after 
amputation of a whole hind leg in a dog the blood-pressure in its carotid artery 
was diminished. The traumatic fever which follows the operation increases the 
waste so much that a true increase of the amount of blood does not occur. 
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J. H. Bennett, Edinb. Med. and Surg. Journal , Oct., 1845; ibid. , Jan. and April, 
1851, XIII., p. 328 .—Virchow, Froriep's Not., Nov., 1845, p. 780; Med. Ctrlzeit., 
1840, Nos. 34, 30 ; Gesam. Abhdl ., I., p. 149, p. 191; Archiv, 1847, I., p. 503, II., 
p. 587, V., p. 79.—J. H. Bennett, On Leucooythcemia , 1852.—Vogel, Virchow's 
Archiv, III., p. 570 .—Uiile, in idem., V., p. 370 .—Vidal, Gaz. hebdorn., 1850, Nos. 
7-15.—Tiiierfelder and Uiile, Arch. f. Phya. Heilk., 1858, p. 441 .—Mosler, 
Berlin. Min. Wochenachr ., 1807; Die Pathol, und Therapie d. Leukcemie, 1872.—Neu¬ 
mann, Arch. d. Heilk., 1809, XI., p. 1 .—Waldeyer, Virchow's Archiv, LII., p. 3. 

Consult also the literature of lymphatic new-formations, p. 459 ; and p. 439. 

Leucocyth.emia, or leukaemia, that is to say, increase of the white 
corpuscles of the blood with simultaneous diminution of red corpuscles, is 
a transitory and symptomatic, or a chronic and essential disease. In both 
forms, the affection does not simply consist in an increased foi'mation of 
white corpuscles, but also in checked transformation of them into red 
coi’puscles. 

1. Symptomatic, usually transitory leucocyth.emia : the so-called leu- 
COCYTOSIS. This form occurs in pregnancy, after large hiemorrhages ( vide 
35 
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p. 519), in many inflammations, in a few acute and chronic diseases 
(cholera, acute yellow atrophy of the liver, pyamiia, intestinal mykosis, 
tuberculosis, cancer, syphilis, intermittent fever). Its probable causes are 
in many cases found to be acute or chronic enlargement of the spleen, or 
of groups of lymphatic glands (as the bronchial glands in pneumonia). 
The number of white corpuscles, in proportion to that of the red, may be 
doubled, or even more increased. The results of this condition are 
unknown. 

2. Essential, idiopathic, or chronic leucocytiyemia. 

Its causes are almost wholly unknown. 

Age, sex, and condition are without influence. In many cases a connection can 
be made out between leucocythasmia and intermittent fever, constitutional syphilis, 
etc. 

The amount of blood is not diminished, or not in any important degree. 
In the most severe grades of the affection, the blood, even when examined 
in small quantities, is paler than normal, looking as if mixed with pus. 
Blood removed by bloodletting and whipped, shows a red substratum, and 
a yellowish-white, soft and unctuous clot. In the dead body, the coagula 
in the vessels are vellowish-red, or yellowish-green, soft, unctuous, more so 
in the splenic veins, right side of heart, and pulmonary artery. The 
degree of increase of white corpuscles is very variable: varying from 
one white corpuscle to ten or two red corpuscles. Sometimes the white 
corpuscles differ from those found in healthy persons only by being 
relatively large ; they contain one or several nuclei (splenic leucocythae- 
mia); sometimes they are smaller, possess one relatively large nucleus, 
or in place of the cells there are free nuclei (lymphatic leucocythsemia). 
At the same time the red corpuscles are absolutely diminished in number. 
In a few cases, undoubted transitional forms between white and red cor¬ 
puscles have been seen (vide p. 524). 

Welcker ( ZeiUchr . f. rat. med. , CXX., p. 305) has demonstrated the actual 
diminution of red corpuscles in two cases. 

The specific gravity of the blood is lessened (from 1055 to 1040 and 
1035) ; this in part because of increase of the specifically lighter white 
corpuscles, in part because of the greater amount of water and smaller 
quantity of albumen in the blood. The other ingredients of the blood 
show no marked variation from the normal quantity; except that, in con¬ 
sequence of the diminished number of red corpuscles, the proportion of 
iron is reduced, though hardly one half in the most cases. In a number 
of well-studied cases the blood gave an acid reaction, and contained 
xanthin, and hypoxanthin (both bodies not being, as in health, reduced to 
uric acid by oxygen); it also contained uric, lactic, formic, acetic (probably 
butyric) acids, and glutin. In the blood of the dead there have been found 
at times, colorless, elongated, octohedral crystals, probably derived from an 
albuminoid body. 

In a case of Quincke’s ( Virchow's Arch ., 1872, LIY., p. 537) the luemoglobin in 
100 grm. of blood amounted to only 5.8, instead of about 14.4 (splenic leucocy- 
thEemia). 

The source of increase of the colorless corpuscles is either in an hyper- 
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trophy of the cells or of the whole pulp of the spleen, producing a ten- or 
twenty-fold enlargement (and even more) of that organ,—the so-called 
splenic leucooytelemia ; or, it is in a similar affection of the lymphatic 
glands in one or several regions, internally or externally (especially those of 
the axilla, groin, and neck: the mesenteric and lumbar glands), — the so- 
called lymphatic leuoocyth.emia ; or, it may be in a peculiar disease of 
the marrow of bones, by which the small bloodvessels are almost obliterated, 
the marrow-tissue contains an immense number of white corpuscles,—the 
so-called myelogenic leucocythjemia ; or, lastly, aud perhaps most fre¬ 
quently, the origin of the white corpuscles is in an affection of parts ana¬ 
tomically analogous to those named above, as the tonsils, the follicles of 
the throat and intestines. In addition, there are often seen in various 
organs, though especially in the liver, small (microscopic, and rarely larger) 
granulations having the characters of lymphatic new-formations (vide p. 
460). In the above-named organs there are found white corpuscles, transi¬ 
tional forms from them to red corpuscles, and the other abnormal constitu¬ 
ents of blood, at the same time as in the blood, and even in relatively 
larger quantities than in that fluid. 

The hypertrophies and ncw-formations which occur in this disease have been shown 
by histological investigation not to differ from those which occur without co-existent 
leucocythasmia, as, for example, in pseudo-leucocytlnemia. It is, besides, unknown 
whether the cause of leucocythasmia consists in an aiTest of the transformation of 
white corpuscles into red, or in an increased supply of white corpuscles from various 
organs, or whether both causes act together. 

The phenomena of leucocythsemia are partly explicable by the enlarge¬ 
ment of the spleen or lymphatic glands (a sense of weight and fulness in 
the abdomen, of pressure upon adjacent parts, especially the diaphragm, 
etc.); in part by the constitution of the blood. To the score of the latter 
must be reckoned : the symptoms of anaemia of the skin, visible mucous 
membranes, brain (due to diminution of red corpuscles); those of general 
bodily weakness and marasmus (also due to want of red corpuscles) ; short¬ 
ness of breath upon exertion, without any anatomical alteration of the re¬ 
spiratory organs (caused by want of red corpuscles, and probably also by 
temporary plugging of pulmonary capillaries by white corpuscles); the ap¬ 
pearance of non-oxidized products of metamorphosis in the blood and the 
fluids derived from it (hypoxanthin and xanthin, fluid fatty acids, lactic 
acid); the usual though not constant increase of uric acid and urates in 
the urine (in consequence of incomplete oxidation from dyspnoea, etc.); the 
relatively late dropsical phenomena (the blood becoming deficient in albu¬ 
men only at an advanced period of the disease). 

Pettenkofer and Voit (Zeitsahr . /. Biol., 1869, V., p. 819; have published an 
exact observation of tissue-metamorphosis in leucocythasmia. It was ascertained 
that with equal feeding there was no marked difference between the destruction of 
tissues in the healthy body and that in a leucocytlnemic person. The following are 
the figures: 

Carbo- C0 2 by lungs Oxygen 
Albumen. Fat. hydrate. and skin. taken in. 


Healthy person.120 83 344 249 832 

Leucocythfemic person. 99 98 335 265 790 


With the exception of exhalation of CO- 2 , all the excretions of the leucocythsemic 
patient were greater during the night: a result of retarded digestion. That the 
quiet leucocythsemic person should take up (with similar diet) as much oxygen as a 
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healthy individual, with such a lack of red corpuscles, is a demonstration of the great 
power of accommodation possessed by the human body. 

Liebreich (D. Klinik , 1801) was the first to describe a retinitis leucocytlmmica, 
visible to the ophthalmoscope. Consult also Becker, Leber. Rotii, S^emisch, 
Stellwag, Diseases of the Eye, N. Y., 1873, p. 108. According to Salkowski 
( Virchow's Archie, L., p. 174), the relative increase of uric acid is a constant symptom 
of splenic leucocythaemia, and does not depend upon coincident conditions. The 
dependence of this upon incomplete oxidation was first rendered doubtful by the 
experiments of Senator, Naunyn, and Riess. Undoubtedly abnormal intermediate 
forms in the final products of tissue-metamorphosis, not due to invasion of the blood 
by splenic products, have as yet been found neither in the blood nor in the urine. In 
normal urine, and in that of leucocythaemic persons, no hypoxanthin-like substance is 
met with. 


There are, besides, a series of symptoms which are not yet capable of 
explanation. These are frequent, abundant perspiration, at times severe 
gastric and intestinal disorders (great constipation), frequent haemorrhages 
from the nose and intestines (probably in consequence of stagnating capil¬ 
lary circulation), menstrual disorders. Fever is at first only intercubrent, 
later continuous, yet moderate: it occurs without demonstrable inflamma¬ 
tory complication. 

The course of leucocythaemia is always very chronic; it lasts from six 
months to several years. 

The issue of leucocythaemia is invariably fatal. Death is brought about 
by loss of blood (most commonly from the nose), by dropsy, marasmus, or 
by an intercurrent affection. 


Pseudo-leucocyth.emia, splenic (or lympliatico-splenic) anaemia or cachexia, 
Hodgkin’s disease, Trousseau’s Adenie. 

In all important respects this disease resembles leucocythaemia, with the 
exception that the multiplication of white corpuscles is wanting. It is 
probable that the red corpuscles are very much diminished in number. The 
anatomical and histological alterations are met with sometimes only in the 
spleen, sometimes only in the lymphatic glands of internal and external 
organs, sometimes in other organs alone or in conjunction with the spleen 
and lymphatic glands. They sometimes present the characters of a true 
hypertrophy, sometimes it is only the cellular elements of the cytogenous 
tissue which are much increased; in other cases there is a deposit of small, 
indifferent round cells and nuclei in the affected organs (liver, kidneys, 
intestines, etc.), to such an extent that a sarcomatous appearance is pro¬ 
duced. The cells and nuclei in these deposits are sometimes not changed, 
sometimes atrophied, so that the new-formation has the appearance of a 
scrofulous mass, or of caseous tubercle. 

The symptoms are in general like those of leucocythaemia. The course of 
the disease is usually more rapid; and it probably always ends fatally. 


Hodgkin, Med.-Chir. Tram., 1832, XVII.. p. 08. — Wilks, Guy's Hasp. Rep.. 1850, 
XI., p. 50; Trans, of Path. Soc. Lond., 1859, X., p. 259.— Wunderlich, Arch. f. 
phys. Jreilk., 1858, XVII., p. 123; Arch, der Lleilk., 1800, VII., p. 529.— Virchow, 
Die krankh. Geschwxdste, 1804-5, II., p. 019. [French edition, vol. III., p. 11 etseq., 
1871.] — Muller, Berlin, klin. Wochenschr., 1807, Nos. 42-4. — Isolated cases by Cuu- 
veiliiier, Rokitansky, Lambl, Billroth, Coiinhei.u, Ebertii, the Author, 
and others. 

Trousseau, Clinique Medicale, III., p. 555, 2 me ed. Paris, 1805. 
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X. MELANiEMIA. 

Meckel, Zeitschr. f. Psych., 1847; Deutsche Klinik, 1850, No. 50.— Virchow, 
Archie, 1849, II., p. 594.— Heschl, Zeitschr. d. Wien. Aerzte, 1850, VI., p. 7; Oest. 
Zeitschr. f. pract. Ileilk., 1802, Nos. 40, 42, 43.— Planer, Zeitschr. d. Wiener Acad., 
1854, X. —Frerichs, Gunsh. Zeitschr., 1855, VI. ; Klinik der LeberJcranJc. , 1858, I., 
p. 325.—W. Muller, Ueh. d. fein. Bau d. Milz, 1865. There are older observations 
by Stoll, Bright, Annesley, and others. 

Melan.emia is that condition of the blood in which that fluid contains 
pigment-granules derived from the vascular system of the spleen, which 
granules circulate for a while, are arrested in the smallest capillaries (brain, 
liver, kidneys, etc.) for a while or permanently, thus giving rise to a num¬ 
ber of severe symptoms. 

The pigment is usually black, more rarely yellow or brown. The par¬ 
ticles are of a size varying from that of the smallest molecules to that of 
red corpuscles, and larger; and present a pseudo-crystalline outline. The 
pigment in its early existence does not offer as much resistance to the action 
of acids and alkalies as it does later. The greater number of pigment 
granules are free; some are inclosed in white corpuscles, or in cells. The 
free granules sometimes exhibit a thin, clear, concentrically stratified mar¬ 
gin. Besides, the red corpuscles are diminished, and the white corpuscles 
sometimes increased. 

The pigment of melaiuemia is altered ilematin. It is derived from 
luemorrliages (of the common kind, or per diapedesin) which occur in the 
liypersemic spleen of subjects having long-continued malarial intermittent 
fever (at first of a pure type, but later often continued); also occurring, 
according to several authorities, in the liver and the brain. In the spleen 
such extravasations of blood occur so frequently under nearly healthy con¬ 
ditions that the so-called blood-globule-holding cells have been looked upon 
as normal. In later stages of the affection the pigment is found in the inter- 
vascular tissue, which is by it rendered thicker, and colored black. The 
pigment enters the blood directly, or with white corpuscles whose substance 
it has penetrated, after deposition in the stroma of the spleen or without it; 
-producing, if there be much of it, a gray or grayisli-black color in all vas¬ 
cular organs, the gray substance of the brain, the kidneys (their cortex 
especially), the lungs, skin, mucous membrane, lymphatic glands, etc. (and 
the spleen itself). In most of the above-named organs, with the exception 
of the spleen, it lies within the bloodvessels, seldom also in glandular and 
epithelial cells. Affected organs exhibit, besides the pigmentary deposit, 
almost no alterations ; sometimes there are small haemorrhages in the brain; 
sometimes there is a degree of induration, in the spleen and liver especially. 

E. H. Weber ( Verb. d. sacks. Ges. d. Wissen., 1850) was the first to describe the 
pigmented liver of amphibia and its periodical appearance. According to ReMAK 
(MiiUer's Archie, 1852), the pigmented liver of frogs is produced by want of food and 
exercise. Both these observers erroneously believed the condition to be due to de¬ 
posit of pigment in the hepatic cells. W. Muller demonstrated the frequent pres¬ 
ence of cells containing hmmatoidin and melanin in the splenic pulp of several 
vertebrata. 

The color of pigmented liver resides, according to Ebertii ( Virchow's Archie, 1867, 
XL., p. 305), for the most part in white corpuscles, and in lesser degree apparently 
in the endothelium of bloodvessels. The affected white corpuscles are derived from 
the spleen. The black color of these cells is produced most probably by a change in 
the pigmentation of the cell-contents, in the course of development of the blood, so 
that pigment particles to a certain extent replace the normal fibrin of the blood, and 
the white corpuscles instead of being transformed into yellow corpuscles, undergo 
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melanotic degeneration. The more spindle-shaped pigmented bodies, as well as the 
round pigment-cells which are united in groups in the liver, are probably in greater 
part derived from the spleen. According to Hesciil, the pigment is formed by a 
spontaneous escape of the red coloring matter of blood-corpuscles into the walls of 
bloodvessels, especially those of the brain and spinal cord ; thence into the blood. 

According to Arnstein (Tacjebl. d. Nat.-Vers., 1872, p. 219), bone-marrow also con¬ 
tains an abundance of pigment in all cases of melanosis after intermittent fever; 
some of it being in the bloodvessels, the greater part in the tissue itself incorporated 
into the lymphoid and other larger cells. The pigment is produced in the vascular 
channels by disintegration of the red globules, is quickly taken up by the white cor¬ 
puscles, remains a while in the capillaries of the spleen, liver, and bone-mari-ow, 
being ultimately lodged in the tissues. In favor of this view is the distribution of 
pigment after artificial introduction of granular coloring matter into the vascular 
system. 

The symptoms of melanaemia are partly those of anaemia, especially those 
of reduced number of red corpuscles (pale skin and mucous membranes, 
emaciation, dyspnoea, dropsical manifestations, probably also haemorrhages 
from the intestines and seldom from other parts); other and characteristic 
symptoms are the dark, gray, or grayish-brown color of the skin and visible 
mucous membranes, more especially the microscopic demonstrations of pig¬ 
ment in the blood and (probably) also in the urine. Other symptoms are 
such as are due to the temporary or permanent stuffing of parts of oi’gans 
by pigment masses (there are local or general disturbances in the brain in 
consequence of passive congestion or capillary haemorrhages), such as com¬ 
atose or typhous states, more rarely delirium, vertigo, severe headache, 
convulsions; in the kidneys, albuminuria, haematuria, or anuria; in the 
liver, passive congestion of the radicles of the portal vein with consequent 
diarrhoea, intestinal haemorrhage, ascites. Conditions similar or analogous 
to those above named are also met with in cases of malarial poisoning with¬ 
out melamemia. 

Bascii (Oestr. Jahrh., 1873, 2. H.) described a mild case of melanajmia, in which 
Hakes containing finely granular brown pigment were excreted with the urine. 

The issue in severe cases of melamemia is fatal. Milder cases may be cured, but 
the mode of cure is unknown. 

[Dr. Wm. A. Hammond has recently (Transactions of the American Neurological 
Association, first meeting, New York, June, 1875) published interesting observations 
tending to show that the pigment of melanaunia may produce retinal embolism de¬ 
monstrable by the ophthalmoscope ; he has also often punctured the spleen by means 
of a long and fine trocliar, and found the blood removed in this way to be charged 
with pigment, and pigment-cells.— Ed.] 

The name pseudo-melan.emia is given to the coloring of tissues and ves¬ 
sels in the neighborhood of gangrenous parts during life, and other parts 
after death, by sulphide of iron. The pigment consists in large or small 
rounded masses, or scales. Decomposition sets the iron free from its union 
with the organic substance, and it combines with the sulphide of hydrogen. 

Compare J. Vogel, Path. Anat., 1845, p. 158. — Grohe, Virchow's Archiv , 1861, 
XX., p. 306; XXII., p. 437. 


XI. icterus: jaundice. 

(CHOLjEMIA. ) 


The literature of jaundice is extremely large. The most important writings are 
cited in the special paragraphs, with especial reference to those which possess an ex¬ 
perimental or chemico-pathological importance. Comprehensive recent works are 
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those of Frerichs, klinik cl. Leberkrankheiten, 1858, I., p. 80 [Syd. Soc. Edition, 
I860].— Leyden, Beitr. z. Pathol, d. Icterus , I860. Consult also the literature of 
acute poisoning by phosphorus, p. 305. 

[Murchison, Clinical Lectures on Diseases of the Liver , 1808. — On Functional 
Derangements of the Liver , London, 1874.—Ed.] 

Icterus is that condition which is produced by the re-absorption of bile 

ALREADY FORMED IN THE LIVER, more Seldom by a TRANSFORMATION OF THE 
COLORING MATTER OF THE BLOOD INTO BILE-PIGMENT within tlie vessels ; by 
which almost all the fluids and solids of the body are tinged of a yellow 
color by the bile-pigment, and with which there are mild or severe general 
symptoms produced by the biliary acids or possibly other substances. 

1. Mechanical or hepatogenic icterus : icterus of absorption or 

OBSTRUCTION. 

Mechanical icterus is produced in the following way: the bile produced 
in hepatic cells is prevented from escaping into the smaller or larger biliary 
ducts, or into the duodenum, is placed under a higher pressure and passes 
into the blood- and lymph-vessels, and thus directly or indirectly colors 
nearly all the fluids and tissues of the body yellow. The evidence which 
supports the above explanation is derived partly from experiments (ligature 
of the ductus choledochus), and partly from clinical and pathol ogico'-anato- 
mical observations. 

The causes of mechanical icterus, by narrowing or closure of the biliary 
passages consist either in diseases of parts adjacent to the bile-ducts (pres¬ 
sure of tumors in their immediate vicinity, in the duodenum, the head of 
the pancreas, in the hepatico-duodenal ligament, in the liver itself, in other 
parts of the abdominal cavity ; or from constriction by cicatricial tissue in 
the above-named peritoneal fold, or near it, etc.); sometimes in disease of 
the biliary ducts themselves (spasm (?) and paralysis (?) of the ducts, gall¬ 
stones, catarrhal secretion and pus, catarrhal swelling, new-formations in 
the mucous membrane, etc.) 

The various causes which prevent the expulsion of bile probably do not need to be 
very intense, since in the guinea-pig and most likely also in man the normal pressure 
under which bile escapes is very small (HeideNHAIN, Studien , u. s. w. , 18(53), and 
the movement of bile in the biliary passages is chiefly produced by the vis a tergo of 
the secretion (the smaller bile-ducts not possessing a muscular coat), and by the 
reduction in the size of the abdominal cavity produced by respiratory movements. 

The mechanical production of icterus was first experimentally demonstrated by 
Saunders (Abh. iib. d. Structur , u. s. w ., der Leber , 1795); and verified by Tiede- 
mann and Gmelin, and many others. 

Senator (Beti. klin. Wochen ., 1872, No. 51) has described four cases of so-called 
menstrual jaundice. They were periodical attacks of jaundice corresponding in time 
to abnormal menstruation (scanty or suppressed); and were dependent upon vicari¬ 
ous congestion of the liver or biliary passages. 

To the category of mechanical jaundice also belong those cases in which 
in consequence of impeded movement of the right half of the diaphragm 
(diaphragmatic pleurisy, peri-hepatitis), or of diminution of the respiratory 
movements, the diaphragmatic movements necessary for the excretion of 
the bile fail. 

Likewise of mechanical origin is that form of jaundice which is produced 
by disorder of the hepatic circulation, causing altered conditions of diflu- 
sion (diminished lateral pressure in the portal capillaries, and easier trans¬ 
fer of bile); so is that occurring after thrombosis of the trunk or large 
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branches of the portal vein, after stoppage of numerous interlobular veins 
by pigment, and after persistent haemorrhage from radicles of the vena portae. 
The icterus of the new-born is to be explained in the same way: it arises, 
if, immediately after birth, the portal vein receives no more blood from the 
umbilical veins. 


The last-named form of icterus was first studied by FreriChs. Naunyn {Arch. f. 
Anat., Phys ., etc ., 18(59, p. 579) deduced from Bernard’s and Vo it’s physiological 
icterus, observed in dogs especially in the fasting state (occurring in cats and man 
under similar conditions), that its production was owing to diminution of blood-pres-' 
sure in the liver, such as must take place in the fasting state. For, since in this 
condition the afiiux of blood to the intestinal canal is much less than during diges¬ 
tion, it follows that the lateral pressure in the portal vein and the hepatic capillaries 
must be less during abstinence. Heidenhain had already shown the great depen¬ 
dence of active secretion of bile upon this pressure. The above-named jaundice is 
consequently a resorption-icterus, -without the concurrence of obstruction to the 
How of bile. 

The disorders which are produced by mechanical jaundice depend partly 
upon the absence of bile in the intestines, partly upon the influx of bile into 
the vascular system. 

In consequence of arrest of flow of bile into the intestines, the intestinal 
contents and fteces are wholly free from bile. They become gray or even 
white, clay-like if there be fat in the food, and solidify upon cooling of the 
fat; in other cases they preserve their normal color, or are only a little 
paler. Their forward movement is diminished because the water of the 
bile is wanting, and perhaps also because bile is a stimulant of intestinal 
peristaltic movements. From both these causes, and because bile hinders 
decomposition of the intestinal contents, flatulence and offensively smelling 
stools appear, especially if the diet be largely composed of animal matter. 
Whereas the digestion of nearly all substances appears to go on normally, the 
absorption of fat is diminished, seldom arrested ; because the bile, especially 
the biliary acids, facilitate the passage of fats through capillary apertures 
(making the moist membranes penetrable by fat, and rendering possible the 
filtration of the fat through the membranes under slight pressure, and 
increasing the diffusion between fats and aqueous solutions). There is 
often a repugnance to eating fatty food. With this exception the appetite 
is often good, a little diminished, or even increased : in cases showing the 
first peculiarity emaciation is chiefly observed. 


The whitish-gray, silvery color of the fasces in case of arrested flow of bile into the 
intestines depends wholly upon the fatty ingredients of the food, and when patients 
eat food free from fat their stools assume a natural aspect (F. Hofmann). Com¬ 
pare the experimental researches of Arnold, Zar Physiol, d. Gaik, 1854 ; of Bid¬ 
der and Schmidt, Die Verdanungsmfte u. s. w., and others. The emaciation 
which is produced by the formation of a biliary fistula depends according to VoiT 
(Zeitschr. f. Biol. , 18(59, V., p. 829) upon the fact that diminution or arrest of absorp¬ 
tion of fat greatly increases the consumption of albumen ; so much so that at last 
more meat is needed for the support of the animal than it can digest. Entrance of 
bile into the stomach precipitates the pepsin and prevents gastric digestion for a long 
time. (Burkart.) 

The passage of bile from the biliary passages into the veins and lymphat¬ 
ics takes place a few hours after the occurrence of obstruction. After 
about twenty-four hours the blood shows a distinct yellow tinge; the 
urine after about forty-eight hours; the conjunctive and skin in two or 
three days. 
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It is probable that the blood takes up all the elements of the bile. Most 
easily demonstrable is the bile-pigment, which, especially bilirubin, gives 
the serum of the blood a distinct yellow color; this admixture first pro¬ 
ducing the yellow hue of the skin and mucous membranes, although later 
they are also colored by the biliary pigment which the tissues themselves 
contain. The biliary acids are present in the blood in much smaller quan¬ 
tity, and are much more difficult of demonstration. Most probably choles- 
terin also enters the blood ; at least the proportion of this substance is 
increased. Beyond this, the blood shows nothing abnormal. 

The biliary pigment and the biliary acids exert very different effects 
upon the organs of the body. The bile-pigment contained in the blood 
goes with the serum from the capillaries into the tissues, and imparts to 
them a diffused yellow tinge. Later, there appear in the tissues yellowish, 
greenish, or brownish molecules, in some cases still later larger granules 
colored in the same way. The icteric hue is present in nearly all tissues, 
especially in the heart itself and the vascular walls, all epitheHa (their 
nuclei are less stained as a rule), the bones and teeth, and even new-for- 
mations: in jaundice of long duration in pregnant women the foetus is 
stained. The cartilages, the central and peripheral nervous systems become 
stained very late and very faintly, or often not at all. Nearly all normal and 
pathological fluids become yellow : besides the blood, the urine, sweat, 
milk, various transudates and exudates ; the saliva, tears, and mucus are 
probably never colored. In the liver the icteric color appears first and most 
directly, that is to say independently of the blood; the central part of the 
acini is colored most early and most intensely. The color reaches its maxi¬ 
mum intensity in this organ and in the kidneys. In icterus of long stand¬ 
ing the bile is found thickened (inspissated) in the smaller bile-ducts, which 
are usually dilated. 

In cases of severe jaundice, there are sometimes found in the liver irregular, glisten¬ 
ing, ruby-red, crystalline bodies, which are made up of bilirubin separated from 
the stagnating bile. (Wyss, Virch. Arch ., XXXV., p. f>53.) 


The stained tissues in cases of moderate accumulation of bile, and when 
the icterus has not lasted too long, exhibit nothing abnormal in structure, 
and perform their functions normally. In more severe and longer-continued 
cases, however (occasionally quite early), there occurs albuminous turbidity, 
and even minute fatty metamorphosis and decomposition ; conditions most 
noticeable in the liver and kidneys. Arrest of the function of these organs 
and death follow. 

Mayer ( Oest. vied. Jahrb., 1872, p. 133) has experimentally investigated the 
alterations of the hepatic parenchyma, which follow prolonged closure of the ductus 
choledochus. 

The excretion of bile-pigment from the blood and tissues takes place 
through the kidneys: directly out of the former, indirectly (after the pig¬ 
ment has re-entered the bloodvessels and lymphatics) from the latter. 
This excretion is early and simply demonstrable in (fresh) icteric urine; in 
doubtful cases the pigment can be made known by chemical processes. At 
first the urine appears of a saffron-yellow, then reddish-brown, and when 
there is much bile-pigment dark brown. Withal it is nearly always clear, 
only exhibiting a sediment in case of coincident fever. It is seldom that 
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particles of bile-pigment are visible to the microscope. Occasionally icteric 
urine contains a small amount of albumen (haemoglobin). 

Microscopical study of the kidneys shows that not only there are par- 
tides of biliary pigment in the epithelia of the uriniferous tubes, but that 
the lumina of these ducts are filled up to a certain extent with this pig¬ 
ment, and are even plugged. 

Frericiis and others found leuctn and TYROSIN in the icteric and albuminous 
urine of some cases of acute atrophy of the liver. 

In summer, when water is drank in large quantities, traces of bile-pigment are 
occasionally observed in human urine, without noticeable symptoms. 

In some cases of true icterus the urine is of a very dark color, without containing 
any pigment which responds to Gjielin’s test. The nature of the color in these 
cases is unknown. 

A color of the urine very similar to that of jaundice, though not produced by bile- 
pigment, appears after impeded respiration in primary (pneumonia) or secondary 
(malformations of the heart) pulmonary disease ; after the ingestion of rhubarb and 
santonin, after admixture of blood with the urine. 

Besides what passes out through the kidneys, a small amount of bile-pig¬ 
ment is excreted through the sweat-glands; as is shown by microscopic 
examination, and also by the yellow tinge of perspiration, and of the linen. 

The biliary acids which enter the blood simultaneously with the pig¬ 
ment, act injuriously, directly, upon the blood, and indirectly upon the 
nervous system. It is not known how much of these substances is required 
to produce ill effects ; it probably varies according to the mode of produc¬ 
tion of the jaundice, to personal peculiarity, but especially according to 
further changes in the acids, and to the rapidity of their elimination. 

The effect of biliary acids in large amounts upon the blood consists in 
dissolution of the red globules. 

The effect of biliary acids upon the nervous and muscular systems is 
shown especially by retardation of cardiac contractions and pulse-beats, 
which, clinically known for a long time, is demonstrable by experiment. A 
reduction of the pulse to forty beats per minute (fever being absent) is 
not rare. The reduction is brought about by paresis of the cardiac muscle. 
The lowering of temperature, which is well-shown by experiments, is 
explicable in the same way. The respiratory movements are notably 
reduced in frequency. The whole striated muscular system is more or less 
paralyzed, as is clinically shown by languor, debility, easy production of 
fatigue. Even in slight degrees of intoxication the sensorium shows 
apathy; in more severe cases stupor and coma, occasionally convulsions, 
psychical excitement, even mania. 


Nearly all the above-named effects have been artificially reproduced by injections 
of cbolate of soda in the blood. Von Duscu (Haters, u. Exper. u. s. w., 1854) was 
the first to show the ill effects of injections of bile and biliary acids in the blood, and 
he (as well as Huhnefeldt) discovered that these substances dissolved the blood- 
corpuscles. ROHRIG and Huppert (Arch. d. lie ilk ., 18(53, IV., p. 385 ; 18(54, V., p. 
236) were the first to demonstrate that the well-known slow pulse of jaundice is the 
result of the action of biliary acids, and that this effect is not produced through the 
nerd vagi. They also discovered the lowering of temperature. Traube (Berlin, 
klin. WochensGhr., 1864, Nos. 4 and 15) showed that this diminution was directly due 
to weakness of the cardiac muscle, to the lowering of blood-pressure in the aortic 
system ; and the influence upon respiration was referred by J. Ranke (Arch. f. 
Anat ., Phi/s. u. s. w ., 1864, p. 320) to a depressed condition of the muscular system and 
the ganglionic apparatus. The opinion that these effects are produced by solution of 
blood-corpuscles (Leyden) is not tenable, because of the smallness of the number so 
destroyed. 
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According to most authors the majority of symptoms in severe acute cases of 
jaundice (so-called acute yellow atrophy of the liver, icterus typhoides ), as well as 
those in cases of chronic jaundice (granular liver, etc.), are caused chiefly by the 
biliary acids. 

The ultimate destination of the biliary acids is as yet unknown ; the greater part 
of that which is injected in the blood disappears within the body, and only a frac¬ 
tional part is excreted by the urine. The increased diuresis which is occasionally 
seen in jaundice, facilitates the expulsion of these substances. 

The biliary acids, in jaundice by absorption, are never present in the urine in 
quantities large enough to give a reaction to Pettenkofer’s test. 

The view of Frerichs and Stadeler, that the bile-acids are wholly decomposed 
in the circulation, and become transformed into bile-pigment, is contradicted by 
Kuiine, Neuko.m.m, Huppert, and others. Hoppe has shown that icteric urine 
contains both the conjugate biliary acids (glyco-cholic and tauro-cholic). (Med. 
Centralbl ., 1803, No. 22.) 

Some of the symptoms of jaundice are not yet susceptible of explanation: 
for example, itching of the skin, with which various eruptions are probably 
connected, the sleeplessness, the hypochondriacal disposition, the bitter 
taste, the yellow vision, (xanthopsia), the scorbutic manifestations, the 
severe head-symptoms, etc. 


The severe cerebral symptoms which make their appearance in many cases of 
jaundice have great clinical importance because of their frequently fatal issue. This 
condition is denominated ciioL/Emic intoxication, or bilious dyscrasia (Horac- 
zek), or icterus gravis (appertaining to Wunderlich’s theriodic constitutional dis¬ 
eases). These phenomena are looked upon by many, e.g. Frericiis, as uraemic, 
though they are very different from such. According to Traube (Ges. Beitrage , 
II., p. 815) the cholasmie attack has so to speak a psychical character; the patient 
becomes maniacal, and after one or several such attacks coma sets in, and in this 
state death occurs. According to others, e.g. Lebert (Virch. Archiv, VII., p. 343), 
psychical depression (without mania) and coma are much more often observed. K. 
Muller (Arch. f. exp. Path., 1873, I., p. 213) found that injections of glyco-cholate 
of soda, of taurin, of prepared gall, did not produce the above-named conditions in 
animals : taurin proved absolutely harmless. Contrarily, symptoms like those of 
cholsemia were produced (according to Lebert’s conception) if a mixture of choles- 
terin in glycerine and soap-water was injected into the blood of dogs. Muller 
concludes that the cerebral symptoms in severe forms of icterus and many hepatic 
diseases, are produced by the accumulation of cholesterin in the blood : cholester- 
/Rmia so-called. Consult also the earlier work of Flint, Jr., Am. Journ. of the 
Med. Sci., 1862, XLIV., p. 305 ; Exper. Researches on a JVew Excretory Function of 
the Liver , N. Y. , 1868.— Harley, Jaundice, its Pathol., etc., Lond., 1803. — Tin- 
celin, J)es principes biliaires, Strasb., 1869. — Pages, Be la cholesterine et son accumu¬ 
lation dans reconomie, Strasb., 1869.* 

The course of mechanical icterus is very variable, in dependence upon 
its causes. The condition may last only a few hours, days, or weeks, or 
may be prolonged for months and years. The escape of bile may in these 
cases be wholly or partially cut off. Intermittent icterus, of an irregular 
(seldom regular) type has been observed. 

The termination of this form of jaundice in cure or death depends in 
part upon its causes, in part upon unknown circumstances. Death ensues 
through the diseases which cause the obstruction (carcinoma, etc.), or 
through bursting or perforation of the biliary passages, or through the 


* The credit of defining the morbid state cholester/Emta belongs to Austin 
Flint, Jr., although Muller is placed first supra. The same unjust inversion was 
found in the literature of leucocythaemia (p. 545), and corrected, the editor taking the 
liberty of placing J. H. Bennett’s work at the head of the list. Consult also 
Murchison, Functional Derangennents of the Liver , Lond., 1874.— [Ed.] 
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overfilling of organs with bile-pigment, or through the action of the biliary 
acids upon the blood, etc. 


2. Chemical or hematogenic icterus : blood-icterus. 

Hematogenic icterus arises by the transformation of the blood-pigment 
of destroyed blood-corpuscles into bile-pigment, in the circulation; which 
newly formed bile-pigment produces the same yellow tinge in various tis¬ 
sues, just as in mechanical icterus. 

The causes of hsematogenic icterus are not at the present as clearly 
demonstrable as those of mechanical jaundice. Icterus appears after in¬ 
jections of a large amount of water, of various acids (phosphoric, cholalic 
acid, etc.) in the blood, dissolving large numbers of i-ed blood-corpuscles; 
seldom after inhalation of ether and chloroform. Clinical observation 
shows what is probably the same genesis, in intoxications, after snake-bite, 
in yellow fever, in a number of diseases in which jaundice not rarely shows 
itself (pyaemia, typhoid fever, chlorosis, inflammation of the lungs, malfor¬ 
mation of the heart), in icterus neo-natorum , in the jaundice of emotion. 


Frerichs formerly thought that h somatogenic icterus was produced by diminished 
transformation of biliary acids into biliary pigment in the blood. The occurrence of 
a kind of icterus without the participation of the liver, long ago observed, has been 
in recent times made the object of exact researches; Bresciiet ( Ephem. med., 1826), 
Virchow ( Verhandl. d. Ges. f. Geburtsh. in Berlin, 1847; Archie, I., p. 379), 
Zenker and Funke, Valentiner ( Zeitschr. f kUn. Med., Neue Folge, I., p. 46), 
Brucke ( Wien. Sitzsber., XXV.), KOhne ( Virchow's Archie, XIV., p. 32), Jaffe 
( Virchow's Archie, XXIIL), Munk and Leyden ( Die acut. P/iosphoreergif tunc/, 1865). 
More recently it has, however, been asserted on good grounds that bilirubin and 
luematoidin are not identical (vide p. 313) ; consequently blood-icterus is not neces¬ 
sarily dependent upon bile-pigment. If the pigment of blood-icterus be derived 
from blood-pigment, this ueed not be bilirubin, but may be haematoidin (bodies of 
similar color, but of dissimilar composition). 

Naunyn (Arch. f. Anat., etc., 1868, p. 401) has recently proved the statement 
that with the presence of free blood-pigment in the plasma, bile-pigment makes its 
appearance in the urine. In this way Kuiine has explained the occurrence of bile- 
pigment in the urine after injections of salts of the biliary acids (Frerichs), and 
after injections of water (Hermann). Solution of haemoglobin injected under the 
skin of dogs makes the urine contain haemoglobin, but it is at first devoid of bile- 
pigment. Equally ineffectual were injections of blood whose corpuscles had been 
dissolved by repeated freezing. Naunyn explains the difference between his results 
and' Kuhne’s by claiming that K. has not taken note of the frequent normal presence 
of bile-pigment in dog’s urine. N. also frequently found biliary acids in the normal 
urine of man and dogs, and attributes the presence of both bodies in the urine to 
their absorption from the intestinal canal. That this does occur he showed by ex¬ 
periments consisting in feeding with biliary salts, and injections of bile-pigment in 
the small intestines, after which biliary acids and bile-pigment as well were demon¬ 
strable in the urine. The doctrine of haomatogenic icterus lacks a basis upon facts, 
and the single means proposed for its distinction from icterus by absorption, viz. : 
the absence of biliary acids iu the urine in the former kind (Leyden), is according to 
N. unreliable, as he has repeatedly found biliary acids in cases of so-called hannato- 
genic icterus : that of pyaemia. The same author states that the inhalation of ether 
in large quantities will in some rare cases be followed by the appearance of bile-pig¬ 
ment in the urine; and he furthermore found injections of lac-colored blood, or of 
ether, into the small intestines, invariably caused the urine to contain bile-pigment, 
and he concludes from this that if the portal vein carries free haemoglobin into the 
liver, this substance is transformed into bile-pigment. 

Vogel has also expressed himself against the existence of Inematogenic icterus. 
According to V. and Dragendorff traces of biliary acids are present in all urines, 
and yield, after proper preparation of the urine, Pettenkofer’s reaction. This 
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destroys the principal argument in favor of the occurrence of a blood-icterus, the 
absence of biliary acids from the urine. ( Verh. d. Naturf., 1872, p. 75.)* 

The consequences of blood-icterus are with respect to the saturation of 
tissues by bile-pigment, just the same as those of mechanical icterus. The 
liver is not, however, chiefly jaundiced; it is so only just as are the other 
organs. The biliary passages are empty, or slightly filled ; and after death 
an obstruction to the flow of bile is never found. Usually the yellow color 
of the skin and mucous membranes exceeds that of the urine, because the 
pigment is rapidly excreted by the kidneys. The intestinal contents appear 
colored as usual, or a little less with bile. In blood-icterus the biliary 
acids are absent from both the blood and the the urine. 

The most severe symptoms of this form of jaundice are in part due to the 
primary disease, in part to imperfect nutrition, and in part to direct altera¬ 
tions of nutrition (frequent fatty degeneration of the heart-muscle, liver, 
kidneys, etc.). The consequences of solution of blood-corpuscles have been 
over-estimated. In addition to the yellow color, the most striking symp¬ 
toms are general weakness, feeble cardiac contractions, small pulse, albumi¬ 
nuria, tendency to haemorrhage, etc. Itching of the skin is wanting. 

In some cases the mode of origin of the jaundice cannot now be stated 
with certainty : as in chronic alcoholism, diseases of the heart, pneumonia, 
phosphorus-poisoning. In the majority of these cases the jaundice is prob¬ 
ably of mechanical origin, produced by an acute catarrhal state of the 
duodenum, not surely recognized during the patient’s life, and difficult of 
demonstration in the dead body. This catarrh especially affects the intes¬ 
tinal extremity of the ductus choleduchus. 

In the last few years the mode of production of jaundice in poisoning by phos¬ 
phorus has been much discussed. Whereas many (Wvss, Ebstein, Buiil) consider 
it as the consequence of a catarrh of the smaller biliary ducts, or as the result of 
their choking with degenerated (fatty) epithelium, or (Mannkopf) as a result of 
hypertrophy of the hepatic cells, others look upon it (with hardly sufficient grounds) 
as hsematogenic. In the more severe degrees of poisoning the urine contains bile- 
piginent and the bile-acids (Wyss and Schultzen). 

The opinion that many cases of icterus are caused by an accumulation in the blood 
of already formed biliary substances, so-called jaundice by suppression, is no 
longer tenable in view of our present knowledge of the mode of production of the 
bile, and from the experiments of removal of the liver by J. Muller, Kunde, and 
Moleschott and others. 


XII. SUFFOCATION. 

The literature of suffocation is contained, so far as it is of general pathological 
interest, in the works upon general and special pathology, but in both is only treated 
very superficially. Its physiological literature is to be found in the same places. 
Literature on suffocation is voluminous, where it is of medico-legal importance, but 
here also its contents are meagre. The treatises on poisoning by carbonic oxide are 
but of limited interest to us. 

Suffocation is that change of the blood, whereby it becomes, in conse¬ 
quence of diverse alterations of the organs of respiration, circulation, etc., 
abnormally poor in oxygen, while the quantity of carbonic acid is dimin¬ 
ished, normal, or, most frequently, increased. 

The most marked symptoms of suffocation are cyanosis, dyspnoea, as also 

* Icterus of haematic origin, occurring in various traumatic states ; consult 
A. Poncet, DeVict&re hematique trciumatique, Paris, 1874.— [Ed.] 
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certain phenomena on the part of the nervous system, heart, vessels, mus¬ 
cles, and secretions. 

Suffocation occurs in different degrees. It appears either suddenly or 
gradually. 

The highest degrees of suffocation, which rapidly end in death, have been exam¬ 
ined more particularly in their physiological and medico-legal connection, while the 
lower forms, which are of longer duration and often occur paroxysmally, have 
attracted heretofore almost solely practical medical interest, but are still very little 
known in their general pathological aspect. 

The causes of suffocation are : 

1. Diminution of, or complete obstruction to the passage of air 
(oxygen) to the lungs. The circumstances which induce this are variable: 
breathing in a space devoid of air, or in an inclosed air-space; suffocation, 
strangulation, drowning, compression of the chest and abdomen, etc., by 
external violence; constriction or closure of the oral and nasal orifices, of 
the larynx, trachea, of the large, or many small bronchi by foreign bodies, 
which are introduced from without or originate within the body (blood, 
serum, pus, etc., which come there—substances which are produced in 
those parts, as mucus, pus, new-formations), by pressure from without 
(goitre, etc.) ; enlargements of the mucous membrane from oedema, exuda¬ 
tions, new-formations, etc.; diminution of the respiratory area of the lungs 
by blood, transudations, exudations, and new-formations within them 
(intense liypersemia, haemorrhage, acute and chronic oedema of the lungs, 
inflammation, syphilitic infiltration, tuberculosis, etc.), by diseases of one or 
of both pleural sacs (hydro-, pneumo-, etc., thorax), by enlargement of the 
heart, by voluminous new-formations from the bones, mediastina, by the 
diaphragm being placed too high; pressure on the brain from diverse 
causes; decrease or cessation of the respiratory movements from different 
diseases of the respiratory centre (injuries, haemorrhages, etc.) in the 
medulla oblongata, nn. vagi , phrenici , intercostales (section of the same, 
especially of the first in young animals), etc. Impossibility of respiration 
from nervous influences : so-called asthma acutum or laryngismus stridulus, 
or pseudo-croup (?), real laryngo-spasm, asthma bronchiole , spasm of the 
diaphragm, constriction of the glottis in whooping-cough (?), hysteria; 
diseases of the muscles of respiration; difficult breathing on account of 
pain in the respiratory organs or in their vicinity, etc. 

According to Fod:';ra, A. Cooper, Malgaigne, Budge and others, the rapidity 
of respiration is very materially diminished, even to complete cessation, by pressure 
upon the brain. Both inspiration and expiration become less frequent and more 
prolonged {Vide p. 109.) 

Stagnation of the blood in the vessels of the med. oblongata, as it occurs after liga¬ 
tion of the large arteries of the neck and after an interference with the efflux of the 
blood from the large veins of the neck, whereby the blood becomes poorer in oxygen 
and richer in carbonic acid, also produces dyspnoea. ( Vide p. 170.) 

Humpbacked people usually only show signs of dyspnoea, etc., after puberty, be¬ 
cause, while the rest of the body grows normally, the development of the thorax is 
retarded. 

Inhalation of air strongly impregnated with carbonic acid acts just like an obstruc¬ 
tion to the introduction of oxygen to the lungs; for as soon as the quantity of car¬ 
bonic acid in the respired air equals that which is contained in the bronchi, the 
interchange of gases (which takes place, as is well known, according to the laws of 
diffusion) ceases. 

Especially noticeable, physiologically, are curare, which paralyzes the respiratory 
muscles as well as other voluntary muscles, and strychnia, which produces tetanus -in 
them. S. Mayer {Oestr. Jahrb., 1873, p. Ill) has called attention to the similarity 


CAUSES OF SUFFOCATION. 


559 


between suffocation and poisoning by strychnia : considerable increase in the force of 
the blood through irritation of the vaso-motor centre, diminution in the frequency 
of the pulse through central excitement of the vagus, spasms of the striped muscular 
fibres. 

Another form of this class is produced by inhalation of gases not directly 
injurious, but which act by opposing the entrance of oxygen. 


The so-called irrespirable gases, which produce spasm of the glottis, are carbonic 
acid, hydrochloric acid, sulphuric acid, nitrous oxide gas, ammonia, chlorine gas. 
(For further information, vide pp. G3-GG.) 

2. Decrease or cessation of the circulation of the (functional) blood 
of the lungs: closure of the pulmonary artery or its large branches by exter¬ 
nal pressure or strain, from thrombosis or embolism, from great debility of 
the right ventricle; obstructed eltlux of the blood from the lungs into the left 
heart from different diseases, especially of the left ventricle ; in the foetus, 
premature separation of the placenta or closure of the umbilical arteries; 
obstructed blood-circulation on account of thickened blood, as in cholera, 
or on account of intermixture of foreign bodies (air- and fat-embolism). 
Furthermore, the direct transition of venous blood from the right to the 
left heart, through abnormal communication between the two, belongs to 
this category; interruption of perspiration, for example, from varnishing 
the skin. 

Oftentimes, combinations of the circumstances mentioned in 1 and 2 
exist. To this class belong especially some unexpectedly occurring attacks 
of incomplete or complete suffocation in the course of chronic diseases ; e.g., 
pleuritic exudations, phthisis pulmonalis, chronic cardiac diseases. In these 
cases the immediate cause of suffocation can neither be discovered during 
life nor after death. 

Much more frequently than the higher degrees of suffocation do the 
lower ones come under the physician’s observation. Their causes are in 
the main the same, only of slighter degree : especially the above-mentioned 
disorders of the air-passages, the lungs, and several diseases of the heart 
(most valvular diseases, diminished force of the heart from different causes). 
Many of these conditions only act when bodily motions or exertions, psy¬ 
chical excitement, changes in the blood, etc., are added. Or in a person 
suffering permanent dyspnoea, attacks of intense difficulty of breathing occur 
without any known cause, which often resemble, almost perfectly, experi¬ 
mentally produced suffocation: as in whooping-cough, spasmodic constric¬ 
tion of the glottis, in so-called bronchial asthma, in spasm of the diaphragm. 

For the so-called Ciievne-Stokes 1 phenomenon of respiration, vide p. 522. 

3. Expulsion of the oxygen from the blood through the agency of dif¬ 
ferent substances, most frequently by displacement (carbonic oxide, rarely 
nitrous oxide), much more rarely by its rapid consumption (sulphuretted 
hydrogen, sulphuretted sulphide of ammonium). 

Of these cases of poisoning the most numerous are by so-called coal-gas, that is a 
mixture of carbonic oxide, carbonic acid, carburetted hydrogen, etc., and those by 
illuminating gas, which contains also marsh gas and hydrogen. Poisoning by coal- 
gas is produced when to the burning coal not enough air is furnished to form carbonic 
acid. The oxygen is displaced from the blood by an equal volume of carbonic oxide 
and cannot re-enter the blood-corpuscles. The carbonic oxide can again be displaced 
by an equal volume of nitrous oxide. The latter first takes oxygen from the blood, 
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and forms hyponitric acid ; if more is introduced it even combines with the haemo¬ 
globin. 

By the action of alcohol, perhaps also by strychnia and morphia, the red blood- 
corpuscles’ power of absorbing oxygen is reduced. According to Dujardtn and 
Didiot ( Gompt. rend., XXIII., p. 227) the red blood-corpuscles lose in some severe 
cases of typhoid fever, pyaemia, etc., their power of absorbing oxygen (?). 


Anaemia also, whatever its cause may be, occasions, on account of the 
decrease of the red blood-corpuscles (the vehicles for oxygen), perhaps only 
on account of the diminished force of the blood, difficulty of breathing, 
etc. 

The phenomena of suffocation can probably all be ascribed to the action 
of the blood of suffocation. Still the special explanation of the symptoms, 
esjiecially of the lower degrees of suffocation, is difficult or impossible, 
because no experimental examinations exist in regard to them, and because 
in those single cases occurring in the observation of a physician compli¬ 
cations oftentimes exist whereby the already large number of physiological 
complications become more difficult to disentangle. 

Furthermore, the diverse phenomena from the same or almost the same 
cause are different according to the individual: this does not only appear 
in tlxe common pathological cases, but especially in cases of poisoning: we 
sometimes see cases of the same intoxication, for instance from coal gas, 
wherefrom the one slightly sickens, the other not, and the third dies. 

The popularly received idea which existed for a long time, that in some cases of 
suffocation certain specific appearances are present, as well iu life as after death, as 
in the death from strangulation, drowning, etc., has not been corroborated. This is 
the case only with the poisons. 

The blood is in the higher degrees of suffocation of a dark blackish-red 
color (excepting from poisoning by carbonic oxide and illuminating gas, 
when it is a light red) ; furthermore, it is still fluid in the corpse, or at 
least coagulates slowly or incompletely. The difference between venous 
and. arterial blood has disappeared. The blood no longer contains separable 
oxygen (the haemoglobin shows one absorption band in the green). The 
carbonic acid is usually increased, but on the whole does not exceed very 
much that contained in normal venous blood; the blood contains consider¬ 
able free carbonic acid ; the carbonic acid and nitrogen in their combina¬ 
tions show no marked change in quantity. Most likely there is formed 
within the blood through the suffocation one or more substances which 
in normal conditions become rapidly more highly oxidized, but which 
cannot be consumed when the oxygen is in insufficient quantity. 

In the lesser degrees of suffocation, which develop gradually in days, 
weeks, etc., the blood is only slightly darkened; a distinct difference still 
exists between arterial and venous blood. 

The dark color of the blood of suffocation (and of the corpse generally) is due to 
the decrease or entire absence of oxygen, not to the larger quantity of carbonic acid. 
Arterial blood, through which a stream of carbonic acid is passed, very soon darkens, 
but only because carbonic acid, like nitrogen and hydrogen, expels the oxygen. 

Normal blood contains about 18 vol. % 6, 1 to 2 vol. % N, 25 to 42 vol. % CCL. But 
the actual quantity of oxygen is not only different in arterial and venous blood, but 
also in the several kinds of veins : it is dependent upon the number of blood-corpus¬ 
cles, upon the rapidity of the circulation, the force of the blood, the functional 
activity of the organs, etc. The oxygen of the blood is mostly chemically combined 
with the hemoglobin of the blood-corpuscles; a small quantity is absorbed by the 
serum. The carbonic acid belongs mainly to the serum : partly it is chemically com- 
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bined (only to be expelled by acids); partly it is only absorbed or loosely chemically 
combined (with carbonate or phosphate of sodium). The blood-corpuscles contain 
carbonic acid in changeable (usually small) amounts. 

In 100 vols. they are: 

in inspired atmosph. air : 20.8 0, — 79.1 X, — 0.04 C0 2 ; 

in expired air : 1(5.0 O,—79.5 N, —4.4 C0 2 ; 

in the air of suffocation, e.g. iu closure of the trachea: 11—5 O,—79.5 X, 
-9-15 CO*. 

The blood of suffocation contains in 100 parts (in dogs), from the time when reflex 
irritability had ceased in the cornea (A. Sciimidt): noO, — 1.3—8 X, —33.3—43.9 
CO a . 

According to Setsciif.no w ( Wien. cic . Sitzgsber ., 1859, XXXVI., p. 293), the oxygen 
does not disappear from the blood and from the air contained in the lungs of strangu¬ 
lated dogs in proportion as the carbonic acid increases. While 100 vols. of blood of 
healthy dogs contain 49.4 and 48.2 vols. of gas, they only contained in strangulated 
animals 43.4 and 32.G, etc. : the whole quantity of gas was therefore decreased at the 
expense of the oxygen. 


The increased desire to breathe, difficulty of breathing, dyspnoea, is the 
most marked symptom of suffocation. It appears in two different forms: 
either not increased, even slower, but deeper,—or rapidly repeated, but 
superficial respirations. Sometimes it is continuous, sometimes absent or 
only slight during repose, to appear again during exertion, or, in consequence 
of unknown circumstances, even reaching a high degree. Occasionally it is 
regularly intermittent (some cases of hysterical dyspnoea, etc.). The largest 
number of respiratory movements is found in those cases mentioned in 1, 
especially if the respiratory area diminish rapidly and breathing be at the 
same time painful, as in hysterical people. 

The cause of dyspnoea is the insufficiency of free oxygen for the nervous 
centre of respiration, to which is usually added an increase of carbonic acid. 
Experimentally it is shown that want of oxygen or superfluous carbonic acid 
in the blood, or both these conditions combined, increase the number and 
force of inspira tions and expirations, and the number of muscles which are 
called into action. A very great insufficiency of oxygen destroys the ex¬ 
citability of the respiratory centre : asphyxia is produced. 

The more immediate relations of dyspnoea, the actions of the different 
respiratory muscles, the relation of inspiration to expiration, etc., cannot 
be discussed here. The increased or prolonged respiratory movements in 
many cases compensate the disturbance. 

If the number of respirations be voluntarily increased, that is above the quantity 
necessary for the body, while their depth remains nearly normal and even, the absolute 
quantities of carbonic acid increases, but not in proportion to the increase of the num¬ 
ber of respiratory movements, because the percentage of carbonic acid in the expired 
air diminishes. (Viekoiidt. ) If the depth of the respirations be increased, while 
their duration remains normal, the absolute quantities of carbonic acid increase, but 
not in proportion as the depth of the respiration-increase, because the percentage of 
carbonic acid in the expired air diminishes. (Vierokdt.) The more frequent and 
at the same time deeper respiratory movements which accompany active muscular 
exertion, therefore, increase the excretion of carbonic acid considerably. 

Leichtenstebn ( Z. f. Biol., VII., p. 197) made experiments in regard to the volume 
of the expired air under different circumstances. Just like Rosenthal, he found no 
diminution in the volume of expired air after section of both vagi. After production 
of pneumothorax on one side the volume of expired air sinks to about half of the far¬ 
mer quantity of both lungs. After constriction of the air-passages, as is well known, 
the number of respirations decreases, but their depth increases ; the volume of expired 
air sinks considerably. Morphia decreases the volume, as also section of the spinal 
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cord, cooling the animal and varnishing the skin. Heating, on the contrary, increases 
the volume of expired air. 

The causes of dyspnoea have been the subject of a series of experiments, which 
already are in a measure of direct pathological interest. 

W. Muller allowed the animal to inhale a mixture of X and O. When the quan¬ 
tity of oxygen attained 15.4 per cent, (instead of as normal 21.0), the respiration 
became deeper and more prolonged ; no noticeable accidents occurred. At 14.8 per 
cent, the animal breathed for twelve minutes without marked difficulty. At 7.5 per 
cent, it breathed fifteen minutes, the respirations were deeper and more prolonged, 
as in slight dyspnoea. At 4.5 per cent, it breathed for fifteen minutes very strongly 
and in a prolonged way, with exertion of all muscles. At 2.9 per cent, great restless¬ 
ness occurred after thirty seconds; after thirty seconds more severe symptoms of 
suffocation. More rapidly yet did these appear at 1.7 per cent. According to Mr L- 
lkr, the carbonic acid in the atmosphere has no influence on the respiratory move¬ 
ments ; only the diminution of oxygen produces dyspnoea. 

Traube {Med. Centrals ., 1862, No. 38 and 39; Ucber Wesen etc. der Ersticlcungs- 
erecheinungen , 1887) proved against Mcli/er : 1, that carbonic acid acts as an intense 
excitant upon the respiratory nervous system; 2, that it strongly and’directly excites 
the terminations of the vagus which are contained within the lung; 3, but that it 
does not produce difficulty of breathing in that way. For if Traube introduced into 
an animal, in whom he had produced apnoea, a mixture of gas which contained more 
oxygen than atmospheric air, and at the same time considerable quantities of carbonic 
acid, respirations shortly after appeared and soon also dyspnoeaic symptoms. This 
was also the case when the vagi of the animal were severed in the neck: but the 
dyspnoea was considerably stronger than when the vagi were intact. Further experi¬ 
ments with indifferent gases showed that if they were introduced unmixed into the 
lungs (hydrogen, nitrous oxide) respiratory movements and dyspnoea began. From 
this Tr. concludes that there is a dyspnoea from oxygen and one from carbonic acid. 
The symptoms which precede suffocation are occasioned by diminution of the intro¬ 
duction of oxygen and by obstruction to the exit of carbonic acid. 

According to Tiiiry (Bee. des trao. de la soc. all. de, Raids, 1885), not only the 
evaporation of the carbonic acid which is dissolved in the serum of the blood is dimin¬ 
ished through an interruption in the interchange of gases in the lungs, but the decom¬ 
position of the substances containing the carbonic acid chemically combined also 
proceeds more slowly : the blood becomes richer in free and in chemically combined 
carbonic acid. If the carbonic acid in both conditions acts as an irritant on the respi¬ 
ratory nervous centre, then indifferent gases, which are introduced into the blood in 
place of atmospheric air, must induce dyspnoea, as a direct obstruction to the inter¬ 
change of the gases in the lungs. For though by such a gas the diffusion of the free 
carbonic acid can be produced just as completely as by atmospheric air, the substance 
containing the chemically combined carbonic acid remains undecomposed. The blood 
becomes here also richer in carbonic acid, and therefore dyspnoea is produced. Accord¬ 
ingly the dyspnoea from oxygen would only be a dyspnoea from carbonic acid. The 
diminished introduction of oxygen would produce dyspnoea, because, in consequence 
of the insufficient introduction of oxygen, the blood remains richer in carbonic acid 
than normally. And an obstruction to respiration would ouly cause dyspnoea, because 
the quantity of free and combined carbonic acid increases in the blood. 

According to Doiimex (U'liters, am d. phys. Labor, zu Bonn , 1865, p. 83) the inha¬ 
lation of pure carbonic acid causes the volume of expired air and the depth of the 
respirations to increase considerably, their frequency only slightly, within one and a 
half minutes before death. In breathing a mixture of carbonic acid and oxygen, 
which contained more oxygen than atmospheric air, the volume of the expired air 
and the depth of the respirations increased to double the normal amount; later on 
they fell below the normal standard, but the animal remained alive for a long time. 
As the animal received hereby always enough oxygen, the increase at first as well as 
the later decrease must be in consequence of the carbonic acid. Therefore insuf¬ 
ficiency of oxygen, as well as carbonic acid, acts excitingly upon the respiratory cen¬ 
tre, and accumulation of carbonic acid acts paralyzingly upon the nervous system. 

According to PfluGER (Arch. f. d. gee. Rhys., 1868, I., p. 61), the carbonic acid 
may be increased, diminished, and even remain unchanged during breathing of indif¬ 
ferent gases. The most intense dyspnoea can be produced while the carbonic acid in 
the body is not increased, and even while it is considerably diminished. If therefore 
the gases in the blood have an influence on the medulla oblongata, the always existing 
insufficiency of oxygen only cau be the cause of the fulminating phenomena of dyspnoea 
and asphyxia. The cause of dyspnoea must be ascribed to the insufficiency of free 
oxygen in the tissues of our bodies, for example the medulla oblongata. Because 
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readily oxidizable substances are constantly formed in the body and the blood through 
the animal tissue-changes, an increase and an abnormally large accumulation of these 
products must appear when there is a want of oxygen. These readily oxidizable 
substances are, according to A. Schmidt, the generators of dyspnoea. No known 
poison kills with phenomena similar to those fulminating symptoms which appear 
from closure of the trachea, excepting hydrocyanic acid. The latter poisons by suf¬ 
focation, caused in the first instance by a serious alteration in the mechanical actions 
of respiration, and partly secondarily, partly primarily, by paralysis of the heart. 
But the animal not ouly breathes to receive oxygen, but also to expel carbonic acid. 
From experiments by PFLUGER it follows that insufficiency of oxygen produces 
dyspnoea, but that carbonic acid in large accumulations does the same or acts simi¬ 
larly". But the accumulation of immense amounts of carbonic acid in the blood can 
be much longer sustained than the insufficiency" of oxygen, which kills in the most 
rapid way with fulminating phenomena.of suffocation. Abnormally" large accumula¬ 
tions of carbonic acid, it is true, also gradually act fatally, but with symptoms which, 
if a sufficient amount of oxygen be present, can never be compared to the violent and 
rapid action caused by insufficiency of oxygen. Nevertheless, carbonic acid has an 
exciting action upon the medulla oblongata. Don men saw an enormous increase in 
the depth and frequency of the respirations, with ten per cent, of carbonic acid and 
ninety per cent, of oxygen in the respired gas. It must be acknowledged, therefore, 
that even a small quantity of carbonic acid in the blood causes excitation of the me¬ 
dulla oblongata. 

Nasse ( Med. Ctrlbl ., 1870, No. 18) believes with Brown-Sequard that those pro¬ 
ducts of nutrition which are not excreted, especially carbonic acid, are the causes of 
the respiratory movements, as well as of dyspnoea, vide supra. 

The other symptoms of suffocation are ascribed sometimes to insufficiency 
of oxygen, sometimes to superabundance of carbonic acid in the blood. 
Both cause an intense irritation of the brain and medulla oblongata. 

On the part of the central nervous system we find in the higher de¬ 
grees of suffocation (besides the above discussed irritation of the vagus and 
the consequent increased rapidity of respiration) general clonic spasms, 
similar to epileptic ones. They originate most likely in consequence of the 
poverty of oxygen in the blood, perhaps also through anaemia, which is a 
consequence of the constriction of all small arteries of the body, therefore 
also of the cerebral arteries, through an increased quantity of carbonic acid 
in the blood. 


The reflex activity of ganglion-cells is greatly influenced by the quantity of oxygen 
present in the blood, so that with the increased quantity of oxygen, reflex activity in 
apnoea is diminished or ceases altogether. Therefore it is generally accepted that the 
spasms are due to insufficiency of oxygen in the blood, being explained in the same 
manner as those which appear after haemorrhage or ligation of the four large cerebral 
arteries (see p. 169). The fact that they cannot be produced by introduction of mix¬ 
tures of gas containing much carbonic acid as well as oxygen into the lungs, corrobo¬ 
rates this. Others, for instance Brown-Sequard, lately also O. Nasse, ascribe them 
directly to the abundance of carbonic acid in the blood, which many dispute. Lastly, 
it is questionable whether the spasms originate from insufficiency of oxygen or from 
superabundance of carbonic acid in the brain substance itself, or from the transition 
of the irritation from the respiratory centre upon neighboring, less readily excitable 
centres (so-called spasm-centres). 

If at tlie same time there be an obstructed flow of the blood from the 
brain, the spasms may also depend upon this fact (see p. 187). 

Convulsions are often absent, even in very rapid kinds of suffocation, as 
in drowning. 

The convulsions do not last until death, but cease, like the dyspnoea and 
the excitation of the nerve-centres, when the deficiency of oxygen has passed 
a certain limit (asphyxia). 

If suffocation occur gradually, as it commonly does in the observations of 
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medical practitioners, the convulsions are almost always wanting, and death 
supervenes, usually without increased frequency of the respiratory move¬ 
ments, as in accumulation of carbonic acid. On the other hand, all mental 
activity is diminished, especially consciousness, sensation, and motion ; and 
somnolence, not rarely delirium, decrease of the reflex excitability, etc., 
occur. Probably these symptoms are mainly dependent upon the carbonic 
acid poisoning, and in a small measure upon deficiency of oxygen. 

That accumulation of carbonic acid in the blood acts paralyzingly upon the nervous 
system is proven also by Richardson’s experiments {Brit, and For. Med.-C/nr. Rev., 
1863, p. 478): rabbits and guinea-pigs which were kept in casks filled with pure 
carbonic acid, or with carbonic acid mixed with an equal volume of air, lost sensation 
in both cases during the first minute, in the former case only with slight, in the latter 
with severe convulsions. 

The heart shows in the higher degrees of suffocation, when experimen¬ 
tally produced, a decrease in the frequency of its contractions, sometimes 
even cessation. The cause thereof is the severe irritation of the medulla 
oblongata, at the origin of the vagi, in consequence as well of an insuf¬ 
ficiency of oxygen as from accumulation of carbonic acid in the blood. 
Probably other conditions besides irritation of the vagi influence the heart 
in decreasing the rapidity of its contractions. Increased blood-pressure 
upon the brain certainly is also capable of irritating the origin of the vagi. 
Lastly, dilatation of the heart by blood can decrease its contractions and 
even paralyze it. Suffocation causes death more rapidly if the medulla 
oblongata or the vagi have been previously severed. The decrease in the 
rapidity of the heart’s pulsations prolongs as much as possible the existence 
of irritability of the heart’s muscles during the impoverishment of the blood 
by loss of its oxygen, and is therefore a compensatory act. In the last stage 
of suffocation the vagi become paralyzed, and therefrom the number of the 
heart’s pulsations increase considerably. 

According to many, the cause of diminution in the rapidity of the heart’s pulsation 
is ascribed to the increased quantity of carbonic acid in the blood: if through a frog’s 
heart, separated from its body, serum be passed, which is strongly saturated with 
carbonic acid, the heart’s contractions decrease in frequency. It is well known that 
during the contractions of the impregnated uterus diminution of the foetal heart’s 
contractions takes place in consequence of irritation of the vagus by the foetal venous 
blood. (The same is true of the respiratory movements of the foetus.) 

In the less intense degrees of suffocation there is no diminution in the 
contractions of the heart; on the contrary, there is often, in consequence of 
different complications, an increase in their number. 

Those symptoms which appear in the muscular system are due partly to 
the absence of excitability of the nervous centres, partly to the disturbances 
in the nutrition of the muscles. They consist mainly in general flaccidity, 
debility and readily occasioned fatigue, sometimes in strabismus, exophthal- 
mus, etc. 

The recent discoveries about fatigue may be considered in this connection. If tho 
power of the muscle depends upon the oxygen which has been accumulated before 
the muscular exertions (PKTTENKOFER and Voit), then it is diminished in the 
condition of suffocation. Fatigue then declares itself partly by the consumption of 
the oxidizable substance which is contained within the muscle (P. & Y.), partly by 
the accumulation of products from the decomposition of muscular substance within 
the muscle, especially lactic acid and acid phosphate of potassa (J. Ranke). The 
excretion of these substances is however decreased by the usually less rapid circula¬ 
tion of the blood and lymph. 
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Most important and most noticeable is tlie influence of suffocation on 
the muscular coat of the arteries. In consequence of the irritation 
produced by the blood of suffocation the vaso-motor nerve-centres in the 
medulla oblongata are excited, and all of the smaller arteries become con¬ 
stricted. Therefrom arises a rapid or a gradual strong dilatation of, and 
a considerable increase in blood-pressure in the larger arteries and heart. 


Tiiiry has proven, that this constriction of the vessels and increase in the force 
of the blood occurs through poisoning by carbonic acid (in suffocation, but also when 
there is no deficiency of oxygen). Accoiding to Tkacbe the increase in the blood- 
pressure is intermittent and regularly rhythmical; according to Hering the rhythm 
of these rudimentary respiratory twitchings is in accordance with the respiratory 
innervations. The same phenomena also occur, according to Nawaliciiin, when, 
in consequence of ligation of the carotids, an accumulation of carbonic acid is pro¬ 
duced solely in the cerebral vessels. 

Lukomsky ( Vtljschr. f. gerieht. med. , 1871, XV., p. 58) found experimentally that in 
suffocation the lateral pressure of the blood is considerably increased both in the 
nrteria and vena mammaria. while it is diminished in the arteria pulmonalis. Ac¬ 
cording to L., suffocation therefore assists the current of blood through the lungs, 
brings more blood to the left heart and also increases the force of the blood (in its 
large circuit). The most important mechanical condition for the occurrence of 
so-called Tardieu’s spots (small ecchymoses under the pleura, etc.,) is, according to 
L.’s manometrical experiments, the great increase in the inspiration, which alter¬ 
nates with the active, less sustained movement of expiration. 

In suffocating rabbits the fundus of the eye becomes pale in consequence of spasm 
of the arteries. 

Little is known about the condition of the other unstriped muscular 
fibres in suffocation. In some cases their movements seem to be increased, 
in others diminished. 

Exophthalmus is constantly present in suffocation, where it occurs sud¬ 
denly, as from drowning, strangulation, etc. According to some it is in 
consequence of the irritation of the sympathetic, whereby is produced 
contraction of the orbital muscle, according to others it depends upon a 
venous stagnation, and at the same time flaccidity of the voluntary muscles. 
Probably both influences act at the same time. In death the exophthalmus 
disappears more or less completely. 

The pupils are dilated in suffocation : in consequence of the irritation of 
the spinal cord, at the cilio-spinal centre (as the dilatation is absent after 
previous section of the sympathetic). During asphyxia the dilatation of 
the pupils disappears. 

In experiments upon death by drowning, the pupils were first noticed to 
be contracted, and only later dilated. 

The movements OF the bowels are produced, according to S. Mayer and 
Bascii (see p. 187) by interruption of respiration: in the stage of dyspnoea, in which the 
small arteries are constricted, the intestine is bloodless and quiet; but as soon as 
the contraction of the arteries begins to disappear, the passage for the dark blood is 
opened and movements of the intestine begin. According to O. Nasse the insuffi¬ 
ciency of oxygen is not the cause of the anaemic movements of the intestines ; the 
movements of the intestines, occurring when the circulation of the blood through 
them is cut off, cease if a very weak solution of chloride of sodium be forced through 
the intestinal vessels. 

The TEMPERATURE of the body is diminished in suffocation. The causes 
of this are probably numerous. First, the diminution in the quantity of 
oxygen in the blood, and the consequently diminished oxidations; further 
the decreased force of the heart; the constriction of the small arteries; 
moreover the increased cooling of the body by more copious dispersion of 
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heat and by evaporation, which is due to the dilated veins and capillaries; 
lastly the decrease of the rapidity of the blood-circulation. The fall in the 
temperature is present in cases of rapid as well as of common gradual suffo¬ 
cation. Objectively it shows a fall of about .5°-1.5° C.; subjectively it 
appears as chills, etc. The fall in the temperature is absent when com¬ 
plications arise which tend to increase heat. 

Senator found a rise of temperature of variable duration in the first stage of the 
disturbance of respiration, and attributes it to the increased activity of the normal 
and accessory respiratory muscles, to the heart’s increased action, etc. When com¬ 
plete insufficiency of respiration supervenes, the temperature falls. The decrease in 
the temperature is in consequence of the intense irritation of the medulla oblongata 
through suffocation. It is almost always absent, when the medulla oblongata has 
been separated from the spinal cord during the suspension of respiration (Heiden- 
iiain, Arch. f. d. ges. Phys ., 1870, III., p. 504). At the time when the heart’s con¬ 
tractions cease, the temperature again begins to rise : post mortem increase of tem¬ 
perature (Heidenha in). 

In poisoning by carbonic oxide the temperature sinks t°-2°, even 3° C., surely in 
consequence of the deficiency of oxygen. But then it usually remains constant, 
perhaps on account of the oxidation of the carbonic oxide to carbonic acid. The 
fall of temperature begins very suddenly : already 30 seconds after the first inspira¬ 
tions it amounts to 0.1 “-0.2° C. 

The composition of the secretions, especially of the urine, in severe 
uncomplicated, as well as in less severe but usually compdicated cases of 
suffocation is still very little understood. Their qualitatively and quanti¬ 
tatively changed condition may be due to several causes: the diminished 
quantity of oxygen or the increased quantity of carbonic acid in the blood ; 
alterations in the heart’s activity; change in the blood-pressure ; alterations 
(stagnation) in the current of blood through the parenchyma of the glands in 
question ; changes in the albumen of the blood, etc. As regards the urine, 
its quantity is first increased, and later on decreased. In the common 
chronic cases of suffocation the latter is usually the existing condition; the 
urine often contains albumen. 


Experiments iu respect to this matter were made by Overbeck and Senator. The 
former ( Oestr. acad. Sitzgsbir., 1803, B., p. 189) noticed in attacks of suffocation, 
which were produced in dogs by complete compression of the trachea, that the urine 
became albuminous, and at the same time, contained a small number of blood-corpus¬ 
cles. According to Senator ( Virch. Arch ., XLII., p. 1), the body either, on account 
of the diminished introduction of oxygen, decomposes less nutritive and tissue-material, 
and therefore produces proportionately smaller amounts of the final products of 
metamorphosis (urea, carbonic acid, water, etc.) — as in inanition; or, in consequence 
of the deficiency of oxygen, it does not produce the final products of metamorphosis, 
but less highly oxidized substances (uric acid, xanthin, hypoxanthin, creatin, crea- 
tinin, sugar, oxalic acid, allantoin, indican), just as in the process of combustion out¬ 
side the body with insufficient access of air S. caused dyspnoea to the point of most 
intense difficulty of respiration by means of mechanical constriction of the trunk, 
lie found almost in all cases a compensatory action, objectively demonstrable by the 
effects of the tissue-changes, in no wise a diminution. The excretion of nitrogen is 
never materially decreased, in the first stage of the disturbance of the respiration, 
but is at least equal to the normal quantity. During the dyspnoea the urine is very 
abuudantly increased, almost to double the normal quantity. This is in consequence 
of the increased excretion of water ; according to S. of increased production of water. 
It is certainly due mainly to the uninterrupted activity of the respiratory muscles, 
which are called into action by the obstruction to respiration. Diminished respira¬ 
tion probably causes at first a temporary retardation of tissue-metamorphosis. If 
the hindrance to respiration be of still longer duration, and cannot be compensated 
by the respiratory muscles, for example on account of their fatigue, if insufficiency 
of respiration occur, then there is, beside the cyanosis and the fall of temperature, a 
diminution in the secretion of the urine. But the material of the body containing 
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oxygen is decomposed into its final products in the normal manner : therefore there 
is usually no excretion of less highly oxidized substances. The decrease in the 
amount of the urine seemed to be more at the expense of the water than of the solid 
ingredients. Twice the urine contained proportionately large amounts of uric acid : 
this seems partly to corroborate Bartels {Arch. f. klin. Med., I., p. 13), who proved 
that an increase of uric acid excretion not proportionate with the urine was a conse¬ 
quence of insufficiency of respiration. Just as often did the urine contain sugar : 
this had already been demonstrated by Reynoso ( Compt. -rend ., 1851, p. 606). S. did 
not find any allantoin, xanthin, or hypoxanthin. Neither did he detect blood or 
albumen. 

A direct consequence of tlie above-mentioned constitution of the blood, 
and the simultaneous presence of a mechanical stagnation of the blood, is 
the bluish discoloration of the skin and of the visible mucous membranes, 
so-called cyanosis. It is especially evident in those parts where the super¬ 
ficial vessels are numerous and densely distributed (nails, etc.). It is the 
more intense the greater the amount of the blood generally, or the greater 
the proportion of the red blood-corpuscles; for the dark discoloration 
depends upon the poverty of oxygen in the blood-corpuscles. Therefore 
cyanosis is proportionately smaller, or occurs only from very intense causes, 
in those having anaemia, while it attains its highest degree in the stadium 
algidum of cholera (in which the blood is poor in serum, and rich in red 
blood-corpuscles). Lastly it is the more intense, the greater the accumu¬ 
lation of blood in the veins and capillaries, as in different diseases of the 
heart and lungs, in cholera : in the former less oxygen is absorbed and less 
carbonic acid excreted; in cholera there is a local cause for cyanosis 
besides in the lungs and heart (their paralysis), far more oxygen is given up 
and more carbonic acid received in the capillaries of the affected parts of 
the body (as is the case in a limb which, for instance for the purpose of 
venesection, has been firmly encircled by a bandage). 

Cyanosis is not. as is often stated, produced by the insufficient oxidation of the 
blood in the lungs. 

Asphyxia is that state, occasioned by insufficiency of oxygen first of the 
blood, then of the tissues, in which the movements of respiration and of 
the heart, and even previously existing convulsions cease. This condition, 
distinguished in medical practice as the asphyxial stage of many diseases of 
the air-passages and lungs, is observed most frequently in the last hours of 
life in laryngeal croup, also in extensive capillary bronchitis, etc. The 
skin, especially of the face, is less of a blue than of a leaden color, and 
cool; the visible mucous membranes are also bluish-gray. The previous 
anxious expression of the features becomes indifferent and dull; the eyelids 
close ; the pulse becomes small, very frequent, irregular, superficial. All 
bodily movements are feeble. The pupils are normal or contracted. At 
last somnolence, anaesthesia, and death (which is often preceded by convul¬ 
sions) occur. 

Of great practical importance are the compensations which appear with 
most slight causes of suffocation, and which prolong life as well as make 
the condition, through diminished demands upon the organism, more en¬ 
durable. In cases, on the contrary, in which the causes of suffocation 
occur suddenly and are intense, the appearance of these compensations is 
not capable of prolonging life. The same is true in cases of the more 
intense poisoning by carbonic oxide. 

The most important compensation is dyspncea in both its forms (see p. 
5G1): the more frequent or deeper inspirations neutralize the effect of a 
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diminished quantity of oxygen in the atmospheric air, as also of most of 
those causes of suffocation mentioned in 1, for the deeper the ventilation 
of the lungs, the greater the exhaled quantity of carbonic acid. Another 
compensation is obtained by an accommodation of the consumption of 
oxygen to the amount of oxygen inhaled, and accordingly a diminution of 
all actions of the organism which necessitate oxidation. 

Furthermore the changes in the circulation act compensatorily upon 
most of the causes mentioned in 1 and 2 : first, the acceleration of the 
blood-current, whereby more blood-corpuscles are brought into contact 
with the air of the lungs in a given time, which probably induces an in¬ 
crease in the absorption of oxygen and in the excretion of carbonic acid; 
secondly, the more frequent decrease of the rapidity of the blood-current, 
in consequence of which the excitability of the heart’s muscles is prolonged 
as much as possible during the impoverishment of the blood in oxygen. 
Lastly the increased pressure of the blood, or rather the dilatation of the 
capillaries, which appears in consequence of the constriction of the small 
arteries, is of importance, for thereby the area of contact between blood 
and air is enlarged, and the pressure, which acts upon the carbonic acid 
of the blood, increased. 

If the suffocation be of longer duration, and is caused by diseases of 
lungs and heart, dilatation and hypertrophy of sometimes the whole heart, 
sometimes of a single division, are almost always produced. In respect to 
this, hypertrophy of the normal or of the dilated right ventricle is espe¬ 
cially important: partly on account of the increase in the pressure of the 
blood and the consecutive increased exchange of gases in the alveolae of 
the lungs, partly on account of the prevention of stagnation in the veins 
of the body, etc. 

According to Tiiiry, Ludwig and others, the resistance to the efflux of blood 
increases by the constriction of the small arteries, and therefrom arises an accumula¬ 
tion of the blood in the large arteries, and so increased blood-pressure ; but the 
diminished afflux of blood to the capillaries causes a diminished rapidity in these 
and in the veins. Dogiel and Ivowalewsky (Arcli.f. d. ges. Phys. , 1870. III., p. 
489) also found in cases of suffocation an increase of the arterial blood-pressure and 
a rapid decrease in the rapidity of the arterial blood-current, to increase again in 
the subsequent period of respiration. According to Heidenhain, on the contrary, 
the blood-pressure and the rapidity of the blood-current increase on irritation of 
the vaso-motor nerves. According to this the consumption of oxygen and the 
production of carbonic acid in the tissues would increase, as also the temperature. 

In the lower degrees of poisoning by carbonic oxide a return to the normal condi¬ 
tion takes place, in consequence of the oxidation of the carbonic oxide to carbonic 
acid by the oxygen which still remains in the blood. 


The question of how long after cessation of respiration and circulation a 
resurrection is possible, is of especial practical interest. The latter differs 
according to individual peculiarity, the cause of suffocation, etc. There¬ 
fore no general conditions can be mentioned. The decrease in the quantity 
of oxygen can be endured for a longer period by human beings and animals 
born apparently dead (by hibernating animals), by people in a fainting 
condition, or under the influence of chloroform, longer than under usual 
circumstances. 

According to Taiidteu, a dog can return to life without any artificial means, after 
four minutes of suffocation, if caused by mechanical closure of the trachea, 
while one and a half minutes by drowning are fatal (because water penetrates into 
the lungs). The heart requires, to maintain its activity, blood containing oxygen, 
but not every second, as it is always charged with a certain quantity of oxygen: 
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this explains the fact that the movements of the heart can continue for three minutes 
and more, in a dog suffocated by mechanical means, after the last effort at respira¬ 
tion (Tardieu). 

Some forms even of acute suffocation present many deviations from the 
above description. We can mention only a few of the better known and 
more important ones. 

In poisoning by carbonic oxide there are present, besides the usual phe¬ 
nomena of suffocation, the specific poisonous influences upon the whole 
organization, especially the brain: loss of consciousness, serious pheno¬ 
mena of the senses of sight and hearing, frequently vomiting, quite often 
diarrhoea, etc. Besides this, numerous individual differences occur, so that 
in the simultaneous poisoning of several people one or more may die, of 
the others some may present light, and some severe phenomena of intoxi¬ 
cation. 

According to Tratjbe ( Verh. d. Berl. med. Ges., I860, I. ; Ges. Beitr., 1871, I., 
p. 392), carbonic oxide acts injuriously in two ways: first, by diminishing the quan¬ 
tity of oxygen needed for the expiratory nervous system ; secondly, by forming, in 
combination with h;emoglobin. a poisonous substance, which excites and paralyzes 
the nerve-centres. Carbonic oxide excites the heart’s inhibitory nervous system: 
the diminished frequency of the pulse in the first stage of intoxication is a result 
of this action. It excites the centre of the vaso-motor nervous system : the increase 
in the frequency of the pulse, which precedes its primary diminution, is a result of 
this action. It weakens the heart’s muscle: decrease of the pressure in the begin¬ 
ning of intoxication is the consequence. According to Klebs ( Virch. Arch., XXII., 
p. 450), atony of the walls of the vessels occurs, in consequence of which the pres¬ 
sure of the blood and the rapidity of the circulation diminish, and there follows 
paralysis of the heart; furthermore there is an atony of the greater pare of the un¬ 
striped muscular fibres (the iris, stomach, intestine, bladder). Pokrowsky ( lb ., 
XXX., p. 525). Compare also Fkiedberg, Die Vergiftung dutch Kohlendunst, 
1866. 

Poisoning by carbonic acid gives, besides the usual phenomena of suffo¬ 
cation, fewer specific symptoms, by which the poison can be detected, than 
that by carbonic oxide. 

Death by drowning is understood from the symptoms, etc., observed in 
a series of experiments. 

According to Falk’s (Virch. Arch., 1869. XLVII.. p. 39) experiments, respiration 
ceases as soon as the animal enters the water (being partly a psychical effect, partly 
in consequence of the irritation of certain nerve-groups of the skin). Thereupon 
(second stage) an almost normal inspiration occurs, followed by a powerful expira¬ 
tion ; then another deep inspiration and a similar expiration ; then the inspirations 
grow deeper and deeper, but the expirations become less powerful; the pauses 
between the respiratory acts become longer, until all respiratory movement ceases. 
This cessation is due to the paralysis of the respiratory centre. The glottis is not 
closed. In the third stage, the stage of asphyxia, strong dilatation of the pupils 
and exopthalmus appear; there are no respiratory movements, no consciousness, no 
reflex irritability. Then follow a few very labored inspirations and superficial short 
expirations. In the fourth stage the pupils again contract, the exophthalmus dis¬ 
appears ; the heart ceases to beat. * 

Post mortem examinations of pure cases of common suffocation show, 
beside the already-mentioned condition of the blood a large quantity of it 
within the right heart, the lungs and veins of the body, and, in conse¬ 
quence, nearly always an intense hypersemia of the capillaries of the lungs, 

* Consult: Report of Committee on Suspended Animation, in Med.-Chit. Trans. 
XLY.—P. Bert, Lemons sur laphys. comp, de la respiration. Paris, 1870.— [Ed.]. 
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the air-passages, the organs of the head and abdomen, especially the kid¬ 
neys. In the serous coats, especially in the pleura and pericardium, recent 
slight haemorrhages are found: they occur in consequence of dyspnoea and 
the increased arterial blood-pressure. The left heart is always empty if 
death by suffocation occur rapidly; if not it contains more or less blood. 
The air-passages often contain foamy fluid in abundance, not rarely mixed 
with blood. The lungs are voluminous in consequence partly of liyper- 
semia, partly of serous infiltration. 

In cases of poisoning by carbonic oxide the blood is almost always of a 
light red color (dark only when the carbonic oxide has been entirely 
changed into carbonic acid); numerous bright red spots, of varying size, 
appear on the skin. Furthermore, here as well as in most cases of poison¬ 
ing, parenchymatous clouding of the muscles, the lai'ge glands, etc., appear. 

In cases of death from drowning, the fluid in which it occurred is found 
in the air-passages and lung-cells; only a small part of the fluid contained 
in the latter being blood-serum. The fluid enters these locations only in a 
short period before the agony, mainly during the agony; according to 
experiments, deep inspirations and feeble expirations are said to occur in 
the last stage of asphyxia. Sometimes death by drowning occurs very sud¬ 
denly without any deep inspirations before the agony, and then no fluid 
penetrates from without (so-called apoplectic death by drowning). 


XIII. UREMIA. 

(Febris urinosa. Typhus urinosus. Krodialysis.) 

Bright, Rep. of Med. Cases, 1827.— Christison, On Gran. Degen. of the Kidneys , 
1829, Transl., 1841.— Bernard et Barreswil, Arch, gen., 1847, XIII.. p. 449.— 
Stannius et Sciieven, Arch, f. phys. Ileilk. , 1850, IX., p. 201.— Frerichs, Arch, 
f . phys. Ileilk., 1851, X., p. 899; Die Brightsche Nierenkrankh., 1851. —Sciiottin. 
Arch. f . phys. Ileilk., 1852, XI., p. 88; 1858, XII., p. 170.— Vogel, Virch. Path., 
1854, I., p. 448.— Stokvis, Nederl. Tjdschr., 1860, IV., p. 518.— Hammond, Am. 
Journ. of Med. Sc., Jan., 1861.— Traube, Med. Centrals., 1861, No. 103; Berl. 
Klin. Wschr., 1807, No. 47.— Opplek, Virch. Arch,, 1861. XXI., p. 260.— Petroff, 
Virch. Arch., 1862, XXV., p. 91.— Rosenstein, Die Path. u. Ther. d. Nierenkrkh., 
1863; 2. Aufl., 1870.— Pii. Munk, Berl. klin. Wschr., 1864, No. 11.— Kuhne et 
Straucii, Med. Ctrlbl., 1864, No. 36 et 37.— Perls, Koenigsb. med. Jahrb., 1864, 
IV., p. 56. —Zalesky, Uiiters. iib. d. urdm. Process , etc., 1865. —Meissner, Ztschr. 
f. rat. Med., 1866, XXVI., p. 225.—Vo it. Per. d. Bay erischen Acad.. 1867, I., p. 
364.— Ztschr. f . Biol.. 1868, IV., p. 77.— Bartels, In Vdkm.'s klin. Vortr., 1871, 
No. 25.— Hampeln, Dorp. med. Z., IV., p. 105. 

Uraemia is an usually acute condition, nearly always accompanied by 
typhoid symptoms, frequently by vomiting, loss of consciousness, somno¬ 
lence, convulsions, etc., which occurs especially in the course of diffused 
nephritis (Jforbus JBrightii ), in consequence of disturbed activity of the 
kidneys, especially of retention of urine, and probably of all its ingre¬ 
dients, but mainly of urea, uric acid, creatinin and extractive matter. 

The above opinion is based partly upon clinical and pathologico-ana- 
tomical observation, and partly upon numerous experiments, in which 
animals were deprived of both kidneys, or both ureters were ligated. The 
results of these experiments were phenomena similar to those of uraemia 
in man, and death. In the blood and in several tissues, especially the 
muscles, urea was found, and a number of other substances were consider¬ 
ably increased (extractive matters' potassa salts, creatin): according to 
some after both operations, according to others only after the ligation of 
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the ureters. Furthermore there appeared within the tissues substances 
which are not there normally, mainly such, like creatin, as must be con¬ 
sidered final physiological products of the decomposition of albumen. 


Normal blood contains in 100 grin. 1(5-20 mgrm., uraemic blood 40-G0 and more of 
urea. Moreover there is in the latter an increase of extractive matters. Meissnkii 
also discovered an abundance of succinic acid in it. Many have found after double 
nephrotomy or after ligation of both ureters a considerable increase of urea in the 
blood. In animals (dogs) who vomited, this was not constant. Furthermore urea 
was discovered in the liver, brain, and muscles, organs in which, excepting the liver 
(Meissner), they do not occur normally. 

In the first period of the knowledge of urannia the opinion was held, that the 
urine was in toto the cause of the disease: as soon as it was prevented from being 
excreted by the kidneys, it would be in a vicarious way by the stomach and intes¬ 
tine, by existing wounds and ulcers, etc.; a certain kind of metastasis occurred. 
Injections of urine into the vessels produced similar symptoms, if the urine had not 
been filtered ; but if it were filtered, or if the urea, which was considered especially 
obnoxious, was injected alone, it had no effect, because the kidneys excreted it too 
rapidly (Vauquelin and Segalas). After injections of the pure urea even, Ham¬ 
mond and Gallois pretend to have noticed uraemia ; but the large majority of ex¬ 
perimenters (Stannius, Frerichs, Hoppe-Oppler, Petroff, Munk) did not 
observe it, excepting when very considerable quantities had been injected. The latter 
is also the case in the later studies by Falck (I). Kl. , 1871, No. 41 if.) and Goemann 
(Meissner, Z. f. rat. med. , CXXVI., p. 241). 0. Rees, Bright and others found 

blood very rich in urea without the presence of uraemia. (Compare, infra , experi¬ 
ments on feeding by VoiT.) 

Frerichs holds that not the simple retention of the ingredients of the urine, 
especially of the urea, is the cause of uraemia, but that accumulated in the blood it 
must be changed within the vascular system by the agency of a fermenting body into 
carbonate of ammonia in order to induce uraemia : for (1) the latter produces, when 
injected into the blood, symptoms very similar to those of uraemia, and (2) this salt is 
present in the blood during the uraemic condition as well of the sick as of nephroto- 
mized animals, but absent in healthy blood. This theory was accepted generally for 
several years. But already in 1858 Schottin proved that pure urea (not carbonate 
of ammonia) appeared upon the skin and in the secretions with uraemic phenomena 
in the typhoid stage of cholera. Sen. proved furthermore that similar symptoms occur 
after injection of other substances, as carbonate of soda, sulphates, etc. (though this is 
denied by later experimenters, as Petroff, Zulzer, and others). Moreover, Hoppe- 
Oppler, as well as Munk and Voit, deny that the phenomena produced by carbo¬ 
nate of ammonia and those by uraemic poisoning are alike. (Petroff on the con¬ 
trary saw after injections of carbonate of ammonia, and after extirpation of the 
kidneys, attacks quite similar to those of uraemia.) The second point of Frerichs’ 
theory was also disputed. Hoppe-Oppler detected only urea in the blood of persons 
suffering from uraemia, as also in that of nephrotomized animals, but they failed to 
find any carbonate of ammonia. The latter is corroborated by Kujine-Strauch, as 
also by Zalesky. (Petroff on the contrary says that he found it after nephrot¬ 
omy.) Whether it appears in the blood of uraemic people, is doubtful. Lately 
Spiegelberg and Gscheidlen found it in the blood of a woman suffering from 
eclampsia. 

According to Frericiis the carbonate of ammonia originates within the blood, 
while according to Bernard, Stannius, Treitz and others the urea is decomposed 
into carbonate of ammonia within the stomach and intestines by the action of the 
present urea ferment, and only thence the ammonia is absorbed by the blood. Yoit 
also demonstrated, that a transformation of urea into carbonate of ammonia only takes 
place within the intestinal canal: the contents of the intestines of uraemic animals 
as well as the ejected matter from the stomach before death have an alkaline re¬ 
action and the urea has disappeared. 

Consequently, FRERicns’ hypothesis is either false, or at least does not explain 
all cases. For (1) the symptoms appearing after injections of carbonate of ammonia 
are not entirely the same as those of uraemia; (2) it is not proven that the blood of 
uraemic animals contains carbonate of ammonia (Strauch-Kuhne) ; the urea in the 
body does not change so readily into carbonate of ammonia. Voit searched unsuccess¬ 
fully for carbonate of ammonia in the expired air of animals after nephrotomy or 
ligation of the ureters ; (8) it is not demonstrated that the carbonate of ammonia is 
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only produced by the decomposition of urea. Voit demonstrated its presence with¬ 
in the urine by feeding healthy animals with it; (4) Schottin found also a large 
quantity of creatinin in the blood of uraemia, and noticed its excretion with the urine 
in favorable cases ; in unfavorable cases the creatin and creatinin would accumulate 
in the fluids of the body. Sen. believes that the action of uraemia consists mainly in 
a disturbance of general nutrition and especially of the muscles ; (5) clinical observa¬ 
tion speaks against Frericiis: uraemic phenomena occasionally occur while the 
urine is excreted in normal quantity and urea in only slightly diminished amount; 
occasionally when the excretion of urine and of urea remains relatively the same; 
finally occasionally when there is abundant excretion of urine and of urea, while they 
may not appear even with complete ischuria of long duration (observations of Cuuis- 
tison, Liebermeister, Bikrmer, Rosenstein and others). 

Rosenstein (Vircli. Arch ., 1873, LVI., p. 383) concludes from experimentation 
on animals, etc., that carbonate of ammonia, introduced into the blood in sufficient 
quantity, can always only produce the same series of phenomena, those of epilepsy 
(probably by direct influence upon the nerve-substance of the cerebral centre of con¬ 
vulsions), while, the agent which produces uraemia induces the phenomena of epilep¬ 
sy, but besides those of coma, convulsions and delirium. But even if the uraemic con¬ 
dition resemble that of poisoning by ammonia, and even if ammonia be foimd in the 
blood, the former is not dependent upon the latter, because the same phenomena 
occur in man without the presence of ammonia in the blood, and because no propor¬ 
tion between the intensity of the uraemic phenomena and the quantity of ammonia 
exists in experiments upon animals. 

To these chemical hypotheses Traube, previously Owen Rees as well, opposed a 
physical one. According to him the serum of the blood in morbus Brightii is more 
liquid and more disposed to transudations; simultaneously hypertrophy of the left 
ventricle of the heart arises in consequence of the abnormally high tension of the 
aorta (fulness of the pulse, etc.). If from any cause the liquefaction of the serum 
or the tension of the arteries suddenly increases, oedema and anannia of the brain 
follow, and in consequence thereof the symptoms of uraemia are produced. If only 
the cerebrum becomes cedematous and anannic, simple coma arises; but if at the 
same time the mesocepliale also becomes anaemic, convulsions occur ; if only the 
latter becomes anaemic, convulsions merely are produced. Musk found the brain 
cedematous after nephrotomy, and its gyri collapsed. He tried to support this 
hypothesis, which VoiT and others do not acknowledge, experimentally. If he 
ligated the ureters and one jugular vein of a dog, and then injected water into 
the carotids, severe convulsions, similar to the uraemic ones, and coma set in; 
the brain was usually anaemic and cedematous. But the uraemic phenomena appeared 
not at all or very late, if, after ligation of the ureters or extirpation of the kidneys, 
etc., the carotids were tied. Rosenstein ( Monatschr . /. Gebrtsk., XXIII., p. 413) 
explains eclampsia in the same way. Otto ( Beitr. z. L. v. d. Eclampsie, Dorpat, 
1866) also. According to E Bidder [Holst. Gyndk. Beitr., 1867, II.), injections of 
water only produce convulsions and coma, when the lateral pressure is increased to 
four or five times the normal. Even a lateral pressure, equivalent to a column of 
mere my of 500-700 mm., was well borne, if B. injected blood-serum in place of water. 
Voit and others, and also many pathological anatomists, did not find the quantity of 
water in the brain of nephrotomized animals increased. 

Still it remains most probable that diminished excretion of all or almost all ingre¬ 
dients of the urine produces uraemia. 

Oppler found, after extirpation of the kidneys, or after ligation of both ureters with 
subsequent injection of urea, an enormous increase of the extractive matters of the 
blood and a large amount of creatin and leucin in the muscles. According to him, the 
products of the decomposition of muscles increase in enormous amounts, and accu¬ 
mulate in consequence of suspended activity of the kidneys. They are also probably 
produced in the spinal cord and braiu, and are the cause of uraemia. 

The experiments of Zat.eskv on birds and snakes make it probable that the reten¬ 
tion of urea is not the only cause of uraemia : both these classes of animals, who, as 
is well known, do not excrete any urea, showed well-marked symptoms of uraemia 
after nephrotomy as well as after ligation of the ureters. According to Meissner, 
urea produces, when injected into the blood of rabbits, comatose symptoms only in 
doses of at least one to two grin. Creatin injected into the blood has no results, and 
is rapidly excreted by the kidneys. Creatinin produces great fatigue, and twitchings 
on attempts to move. 

Voit rejects all former chemical and the physical hypothesis of uraemia, and comes 
to the conclusion that it is not produced by retention of urea only, but also of uric 
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acid, potassa salts and other ingredients of the urine, and that thereby all products 
of decomposition not gaseous are not only retained in the blood but also in the organs; 
that the interchanges between the blood and the minutest divisions of the organs 
cannot take place if the products of decomposition, which arise from nutrition, etc., 
are not excreted. (Compare Pekls, 1. c.) VoiT supports this opinion by experi¬ 
ments upon animals, and upon the previous examinations of the relation of creatin 
and creatinin to urea in the animal economy. Fresh normal muscle contains creatin, 
traces of creatinin, but no urea (as Zalesky believes). But the latter is present in 
the muscles of nephrotomized dogs in considerable quantity: 0.13-0.14, even 0.03 
per cent. In normal circumstances urea originates within the organs, especially the 
muscles ; creatin and creatinin are not changed into urea. Contrarily to others, V. 
found after nephrotomy, if the animals survived the operation as long as after liga¬ 
tion of the ureters, and if the urea was not excreted by any other organs, just as large 
a quantity of urea in the blood (in accordance with Meissner, who attributes the defi¬ 
ciency of the urea to its expulsion with the vomiting which always occurs in dogs) 
and in the organs, as after ligation of the ureters merely (in opposition to Zalesky) ; 
there was no difference in the two operations as regards the amount of creatin in the 
muscles (contrary to Zalesky, who always found more creatin in the muscles after 
nephrotomy than after ligation of the ureters). According to Voil', small dogs can 
be fed with large amounts of urea without the occurrence of any remarkable pheno¬ 
mena in them, provided they can take water : for urea requires, just like the neutral 
salts, a certain amount of water for its elimination. But if the excretion of urea is 
interfered with by the abstraction of water, the most intense uraemic phenomena 
appear. 

Causes of Ur.emia. These may be any disease of the kidneys, in which 
the secretion of urine is more or less prevented: inflammations therefore 
of the kidney-tissue, those combined with formation of abscesses, but more 
especially the different so-called albuminous infiltrations, which are desig¬ 
nated diffused nephritis or morbus lirightii / its primary as well as the 
secondary forms. Another cause is formed by all those affections which 
cause a diminution or complete cessation of the excretion of urine, be their 
origin in diseases of the urinary passages, or of their neighboring parts: 
hydronephrosis, pyelitis, cystitis, stricture of the urethra, diseased prostate 
gland, paralysis of the urinary bladder, etc. 


Ilncmia occurs much more frequently in the course of granular kidney than of the 
chronic inflammatory swelling of the kidney (so-called second stage of morbus 
Brightii) ; the minute quantity of excreted urine of the latter contains a much larger 
percentage of urea than the abundant watery urine of the former (Bartels). It is 
very rarely that uraemia occurs from fatty kidney. In Asiatic cholera the secretion 
of urine ceases entirely in the stage of asphyxia or stadium algidum (in consequence 
of the diminished blood-pressure) ; in the stage of reaction and in the typhoid stage 
the urine is albuminous, poor in urea, etc. (In the latter case in consequence of the 
croupous nephritis or the great loss of water from the intestines.) 

Numerous pathologico-anatomical examinations show that in cases of urasmia both 
kidneys are always diseased, mostly to the same, more rarely in different degrees : if 
with severe disease of one kidney the other be normal, no disturbance occurs in the 
excretion of urine. Bosenstein {Med. Ctrlbl ., 1871, No. 33) found the excretion of 
the urine after extirpation of one kidney the same on the two consecutive days after 
the operation as before it. 


Why during the above-mentioned diseases, under' apparently the same 
conditions, uraemia is now present, now absent; why there is no uraemia 
after ischuria of several days’ duration, without simultaneous vomiting or 
diarrhoea, is not understood. In general, uraemia arises the more readily, 
the more sudden, and the more complete the cessation of se- or excretion of 
the urine is, as also the more robust the individual was before the attack of 
the disease in question (cholera, scarlatina) ; and, lastly, the greater the 
accumulation of excrementitious matter was in their body (in diseases 
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attended with high fever, pyaemia, etc.). Generally the occurrence of urae¬ 
mia, in morbus JBrightii , is hastened by the absence of dropsy: perhaps 
because a large amount of urea is taken from the circulation by the dropsi¬ 
cal effusion which usually contains more of the urea than the blood. Urae¬ 
mia never occurs as long as there exists a high degree of dropsy, but is 
occasionally produced when the effusion suddenly disappears, spontaneously 
or in consequence of medication ;—hot baths. 

Bartels holds the sudden intermingling- of the blood with the products of the 
retrogressive metamorphosis, as they are contained in the dropsical fluid, to be the 
cause of uraemia. 

In the uraemia of cholera the tension of the vascular system is decreased by the 
enormous loss of water and the diminution of the heart’s activity. Thereby the 
blood not only loses water, but becomes surcharged with urea, which it absorbs from 
the tissues. (Kaup and Jorgensen, Arch. f. /din. Med., VI., p. 55.) 

The outbreak of uraemic symptoms is prevented by excretion of the 
urea and the other ingredients of the urine into the stomach and intestines 
(by vomiting and diarrhoea), perhaps also upon the skin. 

Nysten, Marciiand, Lehmann, and others found urea in the stomach after 
nephrotomy; Bernard, Stannius, and others found carbonate of ammonia in it. 

The symptoms of uremia are usually not so characteristic that a diag¬ 
nosis is possible without the knowledge of the previous disturbance of the 
se- or excretion of urine. Its excretion is generally diminished, even entirely 
suspended, rarely normal, still more rarely increased. According to each 
special cause the urine has a different composition: most frequently it is 
albuminous; its quantity of urea is mostly decreased (instead of about 
thirty grm. in twenty-four hours, ten to seven grm.) rarely normal, very 
rarely increased. 

From the fact of the decrease of the urea it cannot be positively concluded that 
there exists retention of urea. As most of these patients are anaemic, it is possible 
that there is a diminished production of urea (Hampeln, 1. c.). 

The functions of tiie brain are disturbed, most frequently with paralysis : 
general mental inactivity, apathy, impaired consciousness or its entire loss ; 
drowsiness or somnolency; occasionally amblyopia or even amaurosis with 
power of reaction of the pupils, difficulty of hearing, diminished sensation. 
At other times there appear symptoms of irritation of the brain, either 
simultaneously or separately: different forms of delirium, delusions of the 
senses; especially frequent are attacks of partial, more frequently of general 
convulsions, usually similar to epileptic, more rarely to tetanic seizui-es ; 
usually attended by unconsciousness. In the beginning headache frequently 
exists, usually very severe. 


The immediate cause of the above-mentioned brain-phenomena is still unknown. 
It is even probable that several substances occasion all or part of these phenomena : 
the greater amount of water in the blood, the urea, the potassa salts. According to 
Ranke ( Grdz . d. Phys ., 1872, p. 531), urea causes an irritation of the controlling 
centre of reflex action, wherefrom gradually a paralysis of the entire peripheral reflex 
apparatus is developed ; perhaps it also acts paralyzingly upon the nervous will- 
organ. 

As regards the organs of digestion vomiting especially is a constant 
symptom, diarrhoea less so. The vomited matter consists first of the ingesta 
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and has an acid reaction ; later on it consists of mucus or watery substances, 
and has a neutral or alkaline reaction, and then occasionally has an ammo- 
niacal odor. The diarrhoea is occasionally profuse and obstinate. The 
appearances of the digestive passages are probably due to the irritation by 
the urea excreted into it, or by the carbonate of ammonia which is produced 
from it. 

The vomited matter contains urea according to Bernard and Barreswil, as also 
according to Hammond. 

The temperature is usually increased in acute cases, and the skin is usually 
dry. The pulse has no constant characteristics; usually it is quickened and 
hard; sometimes it is slower than normally. Respiration is usually quick¬ 
ened ; occasionally there is dyspnoea. The presence of ammonia in the 
expired air of the person suffering from uraemia is frequent, but not con¬ 
stant, and is also often found under other circumstances. 

(Sciiottin. 1. c. —Reuling, JJeb. d. Ammoniakgeha.lt d. expir. Luft. u. s. w., Gies¬ 
sen, 1854.— Hammond, Amer. Journ. of Med. So ., Jan., 1861.) 

The persipration contains, besides other substances, urea which is often 
excreted, usually only shortly before death, upon the uncovered portions of 
the skin, especially the forehead and the upper part of the face, by evapora¬ 
tion of the water in which it is dissolved, and then forms a frost-like cov¬ 
ering. 

The course of ur.emia is variable. Sometimes it begins almost unno¬ 
ticed with but light symptoms; sometimes the symptoms are more marked 
and aggravated, and sometimes it commences suddenly in the most intense 
form. The first mentioned form is often overlooked, the second kind can 
easily be confounded with typhoid fever, the last has some similarity to 
lueinorrhage in the brain, or with epilepsy, or with an acute poisoning 
(by opium, belladonna, alcohol, lead), or Avitli cholera. Its course is acute, 
subacute, or chronic, rarely regular, frequently interrupted by severe attacks 
(so-called uraemic attacks); occasionally attacks occur, separated by perfectly 
free intervals. 

The termination of uraemia is almost always fatal. The single attacks 
not rarely pass over entirely or almost entirely; probably by the separation 
of the injurious substances by the kidneys or stomach, or intestinal mucous 
membrane, or lungs or skin, or by their decomposition within the body. 


AMMONIUM I A. 


Treitz, Prag. Vjschr ., 1859, IV., p. 160.— Jakscii, ib ., I860, II., p. 143. 

Ammonuemia is that change of the blood which arises from retention of 
urine, especially of urea, and the consequent metamorphosis of the latter 
into carbonate of ammonia, which gets into the blood. The i-etention of 
the urea usually is the consequence of any retention-of urine (strictures of 
the urethra, enlargement of the prostate, paralysis and chronic catarrh of 
the urinary bladder, suppurating pyelitis). It causes an irritation of the 
mucous membrane of the bladder, an increased production of mucus or 
even of pus, and a change of urea into carbonate of ammonia, which is 
usually produced by a specific ferment which is introduced from without. 
More rarely ammonisemia occurs simultaneously with uraemia : then it is 
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possible for the ui-ea, excreted into the intestines, to change into carbonate 
of ammonia, and the latter to cause ammonisemia. 


(Compare Prerich’s hypothesis, p. 571.) 

Experimental observations in regard to ammoniaemia have only been made rarely 
and usually indirectly. According to Oppler, restless movements, vomiting, severe 
convulsions are induced by injection of carbonate of ammonia into the blood. Vogel 
corroborates this. Zalesky found that after ligation of the ureters there were exha¬ 
lations of a urinous odor even before life was extinct; the same odor appeared when 
the abdomen was opened. But neither nephrotomy nor ligation of the ureters had 
any influence upon the quantity of ammonia contained in the blood. Rosenstein 
(see p. 572) denies any connection between ammoniaemia and poisoning by carbonate 
of ammonia. 

The mucus-like masses in certain cases of inflammation of the bladder, where 
alkaline fermentation of the urine has commenced within the urinary passages, do 
not consist of mucus which has been separated from the mucous membrane of the 
bladder, but is a product of the influence which the carbonate of ammonia, which 
has been developed from the urea, exerts upon the pus-corpuscles contained in the 
urine. Usually the ferment is introduced into the urinary bladder by means of the 
catheter (Fisiier-Traure, Bari. klin. Wschr. , 1864, No. 2. Compare Teuffel, lb ., 
No. 16). 

The symptoms of ammonlemia are: first, the mucous or muco-purulent 
contents, as well as the strongly alkaline condition of the urine; the large 
quantity of ammonia contained in the expired air; occasionally vomiting, 
with diarrhoea or constipation; remarkable dryness of mouth and throat; 
dry skin; usually a high temperature ; full possession of consciousness. 

.Taksch makes a distinction between acute and chronic ammoniscmia : in the first 
there are usually vomiting (which in an unfavorable case is followed by fever), great 
muscular prostration, rapid alteration of the face and sopor; in the latter gastric 
symptoms, similar to those of chronic catarrh of the stomach, occur, sometimes com¬ 
bined with severe intermittent chills. Dropsy is said never to be present; neither 
are convulsions or disturbances of sight. 

The termination is rarely in health ; usually after increasing emaciation 
and cachexia death occurs. 

In the corpse the urinary passages, more particularly the kidneys, present 
different changes according to the cause. In the intestinal canal there is 
always chronic catarrh. 


According to Treitz, the intestines contain an abundant greenish-yellow, thinly 
mucous, neutral and alkaline fluid with an ammoniacal odor, usually without 
faeces. Their mucous membrane is oedematous, in a condition of acute or chronic 
blennorrhoea; it frequently presents ulcers similar to those of dysentery. 

II YDROTinOX.EMIA, AND H YDROTIIION-AMMONITE MS Y 

consist in the entrance into the blood of sulphuretted hydrogen, or sulphuretted 
hydrate of the sulphate of ammonia, which is produced in the stomach and intestines 
in consequence of errors of diet and of catarrh, or in the peritoneal cavity after per¬ 
foration of the bowel. Therefrom are produced symptoms similar to those in poison¬ 
ing by these gases : general collapse, dizziness, pallor, frequent, but very small pulse, 
rapid, superficial respirations ; the urine gives the reaction of sulphuretted hydrogen 
(acetate of lead paper). The attacks pass away rapidly or not, according to the 
cause, or death ensues. In post mortem examination, great rigidity, brownish-red 
dry muscular fibres, incomplete coagulation of the blood, and hyperannia of the 
pelves of the kidneys are found. 

Compare Betz, Memo)'., IX., No. 7. — Senator, Bari. kl. T Yschr., 1868. No. 24.— 
Emminghaus, lb., 1872, No. 40 et 41. 
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ACETONEMIA. 

Fetters, Prag. VUjschr, ., 1857, LV., p. 81.— Kaulich, lb., 1860, LVII., p. 58.— 
Betz, Memorabilien, 1861, VI., No. 3.— Cantani, 11 Morgagni , 1864, VI., p. 365 et 
650. 

Acetonemia is a morbid state which occurs in various conditions (dis¬ 
eases of stomach and intestine, intoxication, many febrile diseases, most fre¬ 
quently diabetes), and which is characterized by the presence of acetone in 
the blood, by a peculiar odor of the exhalations from mouth and lungs, as 
well as of the urine, and by diverse well-marked nervous disturbances, 
which sometimes consist of depression, sometimes of excitation. The 
symptoms presented by the heart and the organs of respiration are not con¬ 
stant. The mucous membrane of mouth and throat are always red, dry, and 
more or less glistening and hot. 

Acetone, a derivative of acetic acid, is produced according to some in the 
stomach and intestines, according to others in the liver and thence is 
carried into the blood : probably it is formed from grape-sugar. It was 
first discovered in the urine, later also in the stomach and blood of those 
suffering from diabetes, then also in those having measles, scarlatina, 
typhoid fever, pneumonia, etc. 

URIC ACID DYSCRASIA. 

Bartels, I). Arch. f . klin. med. , 1865, I., p. 13 (see Suffocation, p. 557). 

The existence of a so-called uric acid dyscrasia or diathesis is still doubt¬ 
ful. 

The smaller or greater formation of uratic deposits, which very frequently 
occur in the urine of those sick with fevei’, in acute articular rheumatism, 
in several diseases not accompanied by fever, is no proof of an increased 
production of uric acid. The cause of this is usually in the presence of 
other acids, which precipitate the uric acid as such or as uric acid salts. 

An actual increase of the excretion of uric acid really occurs : either 
from increased production of uric acid (with simultaneous increased pro- 
duction of urea, consequent to an increased consumption of albuminous 
substances, as in fever); or from diminished oxidation of the uric acid 
formed in normal quantity (as in leucocythsemia, chlorosis, and probably 
also in poisoning by coal-gas). The consequences to the organism are proba¬ 
bly not injurious. Concretions may be formed within the urinary passages. 
Vide p. 319. 

True gout, podagra, consists according to some of the decreased excre¬ 
tion of uric acid by the urinary organs and an accumulation of it within the 
blood, moreover of a deposit of urate of soda in the joints, sometimes also 
beneath the skin, in the cartilage of the ear, etc. According to others, there 
is an actual increased production of uric acid in the gouty ; but it leaves 
the body if the kidney is in normal condition. The diminished excretion 
of uric acid by the kidneys is said to be due to the fact than an acid is pro¬ 
duced either in consequence of an hereditary tendency, or more commonly 
from the immoderate use of meat and strong drink with little bodily exer¬ 
cise, which acid has a greater affinity for soda than uric acid. The conse¬ 
quent precipitates of urate of soda in the canals of the medullary substance 
of the kidney impede the excretion of urine and favor the absorption of 
uric acid. If this impediment to the excretion of uric acid occur suddenly 
an attack of gout arises. 
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See p. 819. Thai;be, Rerl. Min. Wochenschr ., 1865, No. 48. When Zalesky (TTn- 
ters. ub. d. urdm. Proem , u. s. w., 1865) ligated the ureters of a bird, death occurred 
after 20-87 hours. Dissection showed abundant deposits of uric acid salts upon the 
surface of the tissues and of all organs and within their parenchyma, excepting the 
brain. Their quantity depended upon the length of the duration of the animal’s life. 
The salts were not deposited within, but between the cells. Upon the serous mem¬ 
branes they were in a crystallized condition ; and their lymphatic vessels were as it 
were injected with a white glistening substance. The blood-coagula of the heart and 
vessels often contained small particles of uric acid salts. All joints, those of the 
older animals in especially large quantities, contained infarctions of uric acid. The 
kidneys were always infiltrated first and most abundantly with uric acid salts. The 
blood contained 0.44-1.3# of uric acid, that of the animals which died after 26-36 
hours had double the quantity of those killed after 12-24 hours. 

Schroder v. J). Kolk ( Nederl. Lane. Juli et August, 1853) found in the examina¬ 
tion of the greatly affected hands of a gouty patient not only large deposits of urate of 
lime in the tendons of the flexors and extensors of the fingers, as well as in the liga¬ 
ments, but also beneath the skin in large lumps, so that several digital nerves were 
here and there entirely surrounded and penetr.ated by urate of lime. The veins 
appeared in the dried skin, from the large amount of lime deposited in their course, 
as white branches, while the arteries were normal. Wherever the skin was most 
abundantly saturated with urate of lime, there the veins and capillaries of the skin 
were also most abundantly filled with the same salt. 


XIY. DIABETES MELLITUS. MELLITURIA. GLYCOSURIA. 

Tii. Willis, Pharmac. ration., 1674, IV., C. 3. — Rollo, Cases of the Dial). Mell., 
1798. — Nasse, lint, zur Path. u. Phys.. 1835; Arch. f. phys. lleilk, X., p. 72.— 
Piiout, On the Nat. and Treatm. ofStom. and Urin. Dis.. 1840. — Bouchardat, Ann. 
therap., 1841-42-46-48. — Traube, Virch. Arch., 1851, IV. — Petters, Prag. Yjschr., 
1855. — Cl. Bernard, Ler r de phys. exp., 1855. — Griesinger, Arch. f. phys. lleilk., 
1859, p. 48 ; 1862, p. 376. — Pavy, On the Alleged Sugar-form. Fund, of the Liver, 
1861 ; Res. on the Nat. and Treatm. of Diab., 1862. — Schiff, Journ. de Canat. et de 
phys., 1866. — Seegen, Der Diab. mell., 1870. 

Consult also the known text-books on physiological chemistry. Also ; Boecker, 
Deutsche Kl, 1853, No. 33. — Kosenstein, Arch. Virch., 1857, XII., p. 414. — Mosler, 
Arch. d. V. f. wiss. lleilk.. III. — Tiiierfelder et Uiile, Arch. f. phys. lleilk., 1858, 
p. 32.— Haugiiton, Dubl. Quart. J., 1861 and 1863. — Reicii, De diab. mell., Gryph., 
1859.— Gaeiitgens, Ueber den Stoffwechsel eines Diabetikers verglichm mit dem vines 
Gesunden, Dorp., 1866.— Huppert, Arch. d. Heilk., VII., p. 51 ; VIII., p. 331.— 
Pettenkofer et. Voit, Sitzgsber. d. Munclin. Ac., 1865, II., p, 224; 1866, II.; 
Ztsehr. f. Biol., 1867, III., p. 381.—Also the literature on kidney diseases, etc., espe¬ 
cially Vogel. 

Mellituria is usually a chronic, rarely an acute disease, in which, in con¬ 
sequence of an increased amount of sugar in the blood, of an almost constant 
increased amount of urine, of urea and of other ingredients of the urine, 
there is a smaller or larger amount of sugar (grape-sugar) excreted with the 
urine, and from which the patients usually die after progressive marasmus. 

In the course of time many theories of diabetes have been propounded, 
which were partly founded upon adiological and clinical grounds, partly 
upon physiological experiments. Most of these theories are insufficient to 
explain all the symptoms of the disorder. They can be divided into two 
groups : those which embrace all the phenomena of the disease, without 
regarding their immediate cause ; and those which endeavor to explain the 
cause of the disease. 

I. (a) The theory first propounded by Huppert, and adopted by Pettenkofer 
and Voit, explains diabetes as a disturbance of nutrition, and ascribes the phenomena 
to .an increased tendency to decay of the albuminous substances of the body. As the 
tissues of a diabetic patient are consumed much more rapidly than those of a healthy 
person, he has a proportionately greater want of food. As soon as he ceases to bo 


THEORIES OF DIABETES. 


579 


able to make good the loss of bodily substance by food, he must consume the bodily 
substance (the organ-albumen). This also explains the remarkable vulnerability 
of the tissues of diabetic persons (injuries healing very slowly) and their great pros¬ 
tration (they succumb to exertions and affections which healthy people could easily 
resist"). This theory furthermore states that the mode of nutrition does not differ 
here from that of the healthy person : the albuminous substances are decomposed into 
nitrogenous compounds (urea) and into sugar. But as the formed blood-ingredients 
(the oxygen-carriers, partake of the quickened decay of the tissues, they are not ca¬ 
pable, on account of their short existence, of carrying oxygen to the tissues in the 
same abundant quantity as in the healthy state. This explains why the diabetic 
does not absorb as much oxygen in proportion to the oxidizable substances contained 
in his blood, as the healthy person (but relatively less or absolutely as much as the 
healthy person in a state of starvation— Pettenkofer and Voit), and, furthermore, 
why it is that a smaller or greater portion of the sugar, formed from the albuminous 
substances, must be excreted in an unoxidized state (as such): consequently the pre¬ 
sence of sugar in the urine. The transformation of large quantities of albumen 
causes the greatly increased excretion of urea. The saturation of the tissues with 
the products of decomposition, especially with sugar, causes the thirst of the diabe¬ 
tics, and is perhaps also the cause of alterations of tissues (the decreased power of 
resistance). Ranke tends to believe that the increased quantity of sugar in tlio 
blood, similarly to a large amount of fat, influences the absorption of oxygen by the 
blood-corpuscles. 

Meissner supposes that the decreased absorption of oxygen depends upon the 
fact that the diabetic excretes, unchanged, substances which in others contain oxy¬ 
gen, and that he therefore has a diminished need for oxygen ; but the blood of a 
diabetic is richer in sugar than that of a healthy person, and therefore it always con¬ 
tains in him more combustible material. This opposition to the theory is therefore 
disproved. 

Sciiultzen (Berl. kl. Wschr., 1872, No. 35) believes that in poisoning by phosphorus 
the blood loses in great part its capacity to oxidize, while the processes of fer¬ 
mentation continue. As after phosphorus-poisoning, by feeding on carbo-hydrates, 
the lactic acid (isomeric with glycerin-aldehyde which he discovered previously) in¬ 
creases, he believes that the latter compound should be accepted as the normal pro¬ 
duct of decomposition of sugar. In the diabetic this decomposition of the sugar 
does not take place on account of the disturbed action of fermentation, and it is ex¬ 
creted as such. But by giving 20-25 grm. of glycerin a day to the exclusion of all 
sugar-producing substances, the diabetic receives the actual combustible material, 
and S. consequently noticed disappearance of the sugar and of the symptoms of dia¬ 
betes. 

(b) The so-called gastro-intestinal theory presumes an excessive formation of sugar 
within the intestinal canal. The frequent beginning of the disease with digestive dis¬ 
turbances, moreover the intense thirst with want of appetite at first, and later the rav¬ 
enous appetite ; the facts that the thirst is increased after the use of amylaceous sub¬ 
stances, and that it is decreased by a meat diet,—speak in favor of this theory ; fur¬ 
thermore, the disappearance of the sugar in febrile diseases, in which the stomach and 
intestine are almost constantly affected ; etc. (Rollo, Bouciiardat, M. Gregor.) 
But this theory lacks any other important support, and these seemingly good reasons 
are disproved by the fact that if a diabetic starves, the disease still continues ; the 
sugar can therefore not be produced in the intestinal canal, but must be formed 
within the tissues. 

(c) According to the so-called hepatic theory, the large quantity of sugar in the blood 
originates from the liver; the diabetes would therefore only consist in an increase of 
a normal process, in an hypercrinia of the liver. This theory is mainly founded upon 
Bernard’s discovery, that the liver, independently of the food, even with pure meat- 
diet, produces glycogen (sugar of the liver), which is transformed into grape sugar by 
certain ferments ; as also upon the facts that diabetes cannot be induced in frogs whose 
liver has been extirpated ; that the diabetes induced in frogs by curare poisoning dis¬ 
appears after extirpation of the liver (WlNOGRADOFF), and lastly that diabetes can¬ 
not be induced, if the glycogenic function of the liver has been destroyed by chronic 
arsenical poisoning (Salkowsky, Med. Gtrbl. , 18G5, No. 49). But this power of the 
liver to change glycogen into sugar has become at the least doubtful by later phy¬ 
siological examinations; besides, this theory is only founded upon several clinical and 
pathologico-anatomical facts which are just as consistent with the first-mentioned 
theory. 

C. Book and F. A. Hoffmann (Arch. f. Anat.. Phys. , u. s. to., 1871, p. 550) in¬ 
jected in a short period very large amounts of 1% solutions of chloride of sodium into 
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rabbits, and found in consequence first polyuria, in proportion to the amount of injected 
fluid, later mellituria. Kuntzel (Exper. Beitr. z. Lchre v. d. MeUiturie , Berl. Dm ., 
1872) found the same after injection of carbonate, phosphate, subsulphite of soda (1;/), 
gum arabic, etc. ; he believes that the mellituria is only produced by mechanical means : 
through the disordered circulation the glycogen of the liver is brought into contact 
with the blood, and is changed by it into sugar. Compare with this KOLZ {Beitr. z. 
Hgdrurie u. MeUiturie , Marburg, 1872). 

(d) According to the pancreatic theory, the emulsioning and decomposition of the 
fats into fatty acids and glycerin cease in the different diseases of the pancreas (con¬ 
cretions within the duct, fatty degeneration, abscesses), so that the decomposed fat 
is prevented from entering the liver and there being used for the production of bile. 
In consequence thereof, the glycogen of the liver is changed into sugar, which is only 
partly consumed, the other part appearing in the urine. Cases of diabetes and pan¬ 
creas diseases are related by Bright, Fkericiis, Bouchardat, Meckel, Skoda, 
Recklinghausen, KCiine and others. Also consult Popper, Oestr. Ztschr. f. pract. 
Heilk ., 18(>8, No. 11. This theory is merely hypothetical, and is founded upon no 
facts whatever, excepting the above-mentioned clinical observations. 

The three last-mentioned theories only try to explain the formation of sugar, which 
according to the first-mentioned theory is only an incidental phenomenon, and fail to 
discuss all other symptoms. 

II. (a) The cerebral theory of diabetes is founded first upon the well-known experi¬ 
ments by Bernard, according to which temporary diabetes (lasting several hours) 
can be produced in animals by a puncture of the floor of the fourth ventricle of 
the brain (between the origin of the mi. vagi et acoustici) ; then upon those 
gases in which dissection of diabetics showed a change of this portion of the 
brain (Leudet, Recklinghausen, Levrat-Pkrroton, Zenker, Seeger. Bott- 
ciier, and others), or of the cerebral vessels (Richardson, Murray, BiscnoKF); 
then upon some actiologieal conditions, as when diabetes suddenly occur after 
a concussion of the brain or of the whole body (Itzigsoiin, Plagge and 
others), or after fright, passion, etc. ; further upon the diverse nervous affections 
accompanying the disease (hypochondriasis, insomnia, pains in different peri¬ 
pheral parts, paralyses, convulsions) ; lastly, perhaps upon the cure of the disease 
by some medicines (opium, quinia, arsenic), or by the galvanic current. But-these 
nervous diseases must not be attributed to a primary disorder of the brain. That 
diabetes is not identical with the glycosuria produced by puncture of the fourth ven¬ 
tricle, is proven by the fact that in one case the excretion of sugar is lasting, in the 
other only of short duration. But possibly the general disturbances of nutrition 
can be ascribed to the brain. 

According to Eckiiardt {Beitr. z. Anat. u. s. w., 1871, VI, 2. II.), hydruria of 
short duration, combined with diabetes, is produced by injury or irritation (mechan¬ 
ical or chemical) of the second lobe of the vermis of the cerebellum. 

(b) The spinal theory of diabetes is founded upon the fact, that this state is pro¬ 
duced not only temporarily, but also permanently, by the experimental destruction 
of the spinal cord for the length of one or two vertebrae in the inferior cervical or 
superior dorsal region; as also because diabetes has been detected in man after frac¬ 
ture of the cervical portion of the spine. 

(c) Diabetes has also been attributed to the nervus splanchnieus : after its section, 
Gr.vfe, Hensen, Eckiiardt and others noticed the occurrence of the disease. In 
nearly all of these cases congestive hyperasmia of the liver, according to SCHIFF 
paralysis of extensive portions of the vaso-motor nerves, forms the connecting link. 
It is stated that in the blood of these paralyzed vessels a ferment rapidly originates, 
which transforms the parenchyma of the liver into sugar. The sugar goes into the 
blood, and, after its quantity amounts to about 0.5*, into the urine. 

According to Sciiiff, diabetes is also produced by the collateral hyperasmia of the 
liver after ligation of the vasa afferentia of both kidneys, also after section of the 
lumbar spinal cord or the sciatic nerves (in consequence of which paralysis of the 
vaso-motor nerves of the posterior extremities arises). 

According to Bernard, puncture of the medulla after previous division of the nn. 
spinnchuioi does not produce diabetes, but section of these nerves after puncture does 
not stop the existing diabetes. 

According to Cyon and Aladoff ( B. do. Vacad. imp. dePeters?)., 1871. VIII., p. 91), 
the extirpation of the last cervical and the first dorsal ganglion, or of the former only, 
in dogs, induces diabetes (and vaso-motor paralysis of the anterior extremities). This 
depends upon the division of both rami vertebrates, or of the two nerves going to the 
gangl. ste latum, which encircle the subclavian artery. According to the two authors, 
antagonistic sets of fibres run within the lateral cords of the sympathetic, and in the 
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splanchnic nerves: some fibres come from th & ganglion stellatum, and cause diabetes 
by their paralysis ; the others originate deeper within the spinal cord and prevent the 
occurrence of diabetes by their paralysis. That this is in consequence of paralysis of 
the vaso-motor nerves, is proven by examination of the liver and hepatic artery. 
Diabetes produced by the authors was not accompanied by hydruria (that caused by 
puncture of the medulla always is). 

F. A. Hoffmann (Arch. f. Anal., Phys. v. s. w. , 1872, p. 746) produced diabetes in 
rabbits by subcutaneous injection of nitrite of amyl. ( Vide, p. 165) 

Bratjn (Lehrb. d. Balneother. , 1868, p. 843) noticed in four out of seven cases of 
sciatica 2 £% of sugar in the urine. Sciiiff noticed diabetes after compression or 
ligation of the main vessels of the extremities. 

The symptoms of diabetes are explained partly by the presence of 
abnormally large amounts of sugar in the urine (thirst, polyuria, etc.), and 
by the saturation of the tissues with fluids containing sugar (muscular 
weakness, skin-diseases, etc.), partly by the fact that the consumption of 
matter in the body of the diabetic is considerably larger than in that of a 
healthy person, and that a large amount of nutritious material is excreted 
with the urine. 

Usually there is very great appetite : in severe cases the diabetic eats two 
or three times as much as a healthy person could digest; at the same time 
he is constantly hungry and continues to emaciate. More remarkable still 
is the great thirst of the diabetic, especially after eating and at night. It 
is in consequence of the accumulation of the products of nutrition within 
the body (sugar, urea, etc.). (Occasionally there is not actual thirst, but 
only a sensation of uncomfortable dryness in the mouth.) The urine is 
consequently abundant (3—6, even 10 kil. a day), and its quantity is 
always greater than the quantity of the water imbibed (either in conse¬ 
quence of the water taken in the food, or the production of water in the 
organism). The quantity of sugar amounts on the average to 3-5$ (250 
grm. daily) even to 10$ (.5 kil. daily). It is least before breakfast, most 
abundant after meals; the amount is greater, according to the starchy 
or sugary food taken, it is least with pure meat diet. But in the higher 
grades of the disease it is neither absent with a meat diet, nor if the 
patient be starved: it must therefore be produced from albumen (or fat). 
The quantity of urea is relatively smaller on account of the increased secre¬ 
tion of urine, but absolutely increased (two to three times greater than the 
normal), consequent upon the abundant nitrogenous food eaten. The uric 
acid is usually relatively increased. 

All of the general ashy residue of the urine is excreted in absolutely 
larger, but also in relatively smaller amount. 

That normal urine contains no sugar, see Seegen (Arch. f. d. yes. Phys., 1872, V., 
p. 359), (■versus Brucke, B. Jones, Kltine, and others). 

In regard to the excretion of uric acid in a case of diabetes, see KClz (Arch. f. 
Anat., Phys. u. miss. Med., 1872, p. 293). 

By what is above mentioned, the other characteristics of the urine are 
explained: it is usually pale, rarely dark, often cloudy, slightly foamy, of a 
weak acid reaction, of a musty odor, of a sweetish taste, somewhat sticky. 
Its specific gravity varies from 1025 to 1040 (it rarely varies more). In 
the later stages the urine is usually albuminous. 

The amount of sugar in the urine is no criterion of the state of the disease : for the 
quantity of sugar is usually due in great part to the carbo-hydrates of the food ; the 
body (the decomposed organ-albumen) produces but a small amount. The fat pro¬ 
duced from the albumen seems to be further transformed in the diabetic into sugar, 
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while the fat, existing as such, is always decomposed into carbonic acid and water 
(PettenkofER and VoiT). 


Besides the mine, most of the other se- and excretions contain sugar, 
occasionally perhaps alternatingly with the mine: it is present in the usually 
relatively spare, dry, more rarely diarrhoeal feces; the saliva; the occasion¬ 
ally profuse perspiration. 

The diabetic does not absorb, notwithstanding the increased transforma¬ 
tion of matter, more oxygen than a healthy person. In consequence of this 
relatively small absorption of oxygen by the diabetic, the excretion of car¬ 
bonic acid by the skin and lungs is not only not in proportion to the total 
nutrition, but less than a healthy person would excrete with an equally 
large amount of nourishment, because a smaller or larger portion of com¬ 
bustible matter (sugar) is excreted unchanged. Hydrogen gas and marsh 
gas have rarely been found in the products of respiration. Just like a larger 
proportion of the total carbon which takes part in the process of nutrition, 
so more water passes off by the urine and correspondingly less by the skin 
and lungs: in larger quantity by the urine, because it is carried along by 
the products of decomposition as their dissolving menstruum. The excre¬ 
tion of nitrogen in the diabetic is in severe cases greater than the quantity 
of nitrogen contained in the food: the diabetic therefore loses organ- 
albumen. 

Therefore the diabetic, notwithstanding the abundant imbibition of nour¬ 
ishment, finally can no longer sustain his organs in a normal state of nutri¬ 
tion : emaciation and a series of marasmic conditions set in, which ultimately 
produce death. Most of them are similar to those of inanition (see p. 527). 
The following symptoms arise in some cases, some of which, just like the 
increased amount of urine, the sugar in the urine, the intense appetite and 
thirst, first direct the attention to the diagnosis of the disease. 

The emaciation involves the tissues and organs in a mode similar to that 
of inanition; the skin becomes thinner, its epithelium is reproduced in a 
decreased measure; its glands are less active; the skin of the diabetic is 
usually dry, cracked, generally not perspiring; the latter certainly in con¬ 
sequence of the abundant loss of water through the kidneys. (Occasionally 
the exhalation from the skin has a disagreeable odor.) In some cases pru- 
ritis exists. The loss of hair must also be mentioned here. 

The insensible perspiration is very much diminished (to about half) in diabetes mel- 
litus and insipidus. Burger (D. Arch. f. /din. Med., 1873, XI., p. 323). 

The adipose tissue disappears from the external and internal parts of the 
body : the diabetics attain an equally excessive degree of emaciation as the 
subjects of starvation, even while they partake so largely of nourishment. 
This is most noticeable if the disease occur in a very stout person. 

The entire muscular system undergoes atrophy: the emaciation of tire 
muscles explains the ready fatigue and debility of the diabetic. The pulse 
is usually small, though of normal frequency. 

The diminished muscular strength may be due either to the fact that in consequence 
of an increased excretion of sugar and a diminished absorption of oxygen the main 
source of muscular activity is lost; or (?) that the products of decomposition in the 
blood of a diabetic decrease the muscular excitability (as, according to Ranke, lactic 
acid). 

Emaciation of the heart, atrophy of the muscles of the stomach and intes- 
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tines, etc., increase the tendency to the occurrence of disordered nutri¬ 
tion. 

Atrophy of the glandular organs of the mouth and throat, of the stomach 
and intestine, the salivary glands and those of the pancreas, occasionally 
also of the liver, all of which are sometimes present simultaneously and to 
the same extent, sometimes only in the last-named organs, also influence the 
diminished nutrition and tissue-formation, notwithstanding the abundant 
nourishment. Atrophy of the genital organs occasions in men impotence, 
in women at least partial amenorrhoea and sterility. But impotence and 
sterility are also often present in still vigorous diabetics. 

Similar atrophy occurs in the bones and teeth. The latter become loos¬ 
ened and frequently carious, certainly usually with an acid, although occa¬ 
sionally with an alkaline x-eaction of the saliva. 

The central nervous system only becomes atrophied at a later period and 
in a less characteristic degree. But especially the sense of sight shows 
quite frequently disorders which can for the greater part be attributed to 
its atrophy or to the atrophy of some of its parts : disorders of the accom¬ 
modation without demonstrable changes in the affected parts, atrophy of 
the retina; but especially production of cataract. 

The temperatxxre of the body is occasionally normal, occasionally dimin¬ 
ished, naturally increased if any inflammatory complications exist. 

The organs of digestion show no characteristic abnormality : the not rarely occur¬ 
ring disorders of the tongue, stomach, and intestines are all explained by the largo 
quantity of food taken. In proportion to this the digestive power is quite good. 

The permanently impaired nutritive condition of diabetics explains, at 
least partly, their great vulnerability, their tendency to inflammations ter¬ 
minating in suppuration and not rax-ely in gangrene, and the frequent occui-- 
rence of so-called tuberculosis. 

The ready vulnerability of diabetics is especially noticeable by the skin : 
wounds of all kinds, from operations, from venesection, also of the eyes 
(from cataract operations) heal with difficulty, rarely by first intention, 
usually with suppuration, or even gangrene sets in; at the orifice of the 
urethra balanitis frequently occur, favored by the decomposition of stagnant 
urine, in women superficial inflammations of the vulva; occasionally for 
months furuncles and carbuncles form, or mox-e extensive cellular tissue 
inflammations with tendency to gangrene; even gangi'ene of the toes similar 
to gangrena senilis. 

Of the inflammations of the mxxcous membranes those of the oral cavity, 
freqixently of a scoibutie character, and of the air-passages with consecutive 
lobular, frequently tubei’cxxlous pneixixionias, are especially deserving of ob¬ 
servation. The greater number of diabetics, especially of the lower classes, 
die of so-called pxxlmonary tubei’culosis; more rarely from gangrene of the 
lungs. 

Seegen describes several peculiarities of the tongue of diabetics, whose cause is 
unknown. 

The kidneys present, besides hypersemia and perhaps liypei'trophy, which 
are the consequences of their increased fxxnction, frequently the charactei-is- 
tics of morbus Brightii. 

The invasion of diabetes is usually gradual, rarely rapid or sudden. 

The duration of diabetes is on the average from one to tln-ee yeax-s, rarely 
less, occasionally five to ten, even fifteen to twenty-five years. Whether 
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those cases of quite acute diabetes, of a few days’ or weeks’ duration with 
termination in health, are identical with the usual form, is questionable. 
The latter has been observed during some cerebral and hepatic diseases, in 
carbonic oxide poisoning, in poisoning by curare, corrosive sublimate, after 
inhalation of ether and chloroform, etc., in extensive burning, after varnish¬ 
ing the skin. 

Many observations of glycosuria of this kind date from a time when grave errors 
were liable to be made in regard to the detection of sugar in the urine; in many such 
cases the urine probably contained no sugar whatever. 

Its course is in the main quite regular, excepting when great changes are 
made in the diet, or if intercurring acute affections arise. Rarely it is irre¬ 
gularly intermittent. Many patients are by absolute abstinence of amyla¬ 
ceous food in perfect subjective health; in some even the glycosuria disap¬ 
pears during this time. 

Some make a distinction of two stages of the disease, which Seegen believes to be 
two different forms. The patients with the first form only excrete sugar with the 
urine when they partake of saccharine or amylaceous food; if not, all excretion of 
sugar and every symptom of diabetes disappears. The patients afilicted with the 
second form of the disease also excrete sugar, even if the} 7 have an exclusive meat 
diet; ingestion of nutriment containing sugar, etc., increases in them the excretion 
of sugar and the symptoms of diabetes. The course of the disease in patients of the 
latter class is more rapid, especially if the patients are young, if they have not a suf¬ 
ficient meat-diet, and if the disease is hereditary. 

The termination of chronic diabetes in health is extremely rare. Usually 
death occurs: most frequently from chronic phthisis of the lungs alone or 
simultaneously with other organs, more rarely from simple marasmus, albu¬ 
minuria, carbuncle, etc.; by suicide. 

The aetiology of diabetes is in the main still unsettled. It appears most 
frequently in the bloom of life, more frequently in male subjects, propor¬ 
tionately frequently in obesity. Not a few of the cases are hereditary : 
injuries (vide supra), colds, malarial poisoning, continuous excessive exer¬ 
tions, depression of the mind, habitual use of amylaceous or saccharine 
substances, cakes, etc. ( i.e ., bad nourishment), working in sugar refine¬ 
ries (?), previous severe diseases. In most cases a particular cause cannot 
be found. 

In regard to diabetes mellitus in children, see Senator (Berl. klin. Wschr ., 1872, 
No. 48). 

Seegen accepts still another form of diabetes (?), which occurs in consequence of 
sexual excesses, especially of onanism. The urine usually only contains several 
tenths per cent, of sugar. Polyuria is absent, but there exists a frequent desire for 
micturition. 

Diabetes, usually of no importance and of short duration, occurs, according to some, 
in the defervescence of diverse febrile diseases (measles, pneumonia, etc.). 

Pathological anatomy has not yet demonstrated a constant state of the 
body in diabetes. Usually emaciation is excessive; in a large majority of 
the cases tuberculosis of the lungs is found, usually in the form of tuber¬ 
culous pneumonia; the liver is usually hypersemic; usually chronic catarrh 
of the stomach exists; frequently hyperaemia, hypertrophy, and parenchy¬ 
matous infiainmation of the kidneys; rarely atrophy of the pancreas. 

[Consult W. H. Dickinson, On Certain Morbid Changes in the Nervous System, 
associated with Diabetes. Med.-Chir. Trans., LIII., p. 23d, 1870 .—Ed.] 
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DIABETES INSIPIDUS, POLYURIA. 

R. Willis, Dis. of the Urin. Syst. —Neuffer, TJeb. Diab.ins., 1856.— Leyden, 
Berl. klin. Wschr. , 1805, No. 87.— Strauss, Die einf. Zuckerlose Hamruhr, 1870.— 
Ebstein, D. Arch. f. klin. Med., 1878, XI., p. 844.— Trousseau, Clin. Med., II., p. 
090, 1805. 

Diabetes insipidus is an occasionally acute, usually chronic disease, in 
which, just as in diabetes mellitus, there is an abundant excretion (live to 
fifteen kil. in twenty-four hours) of urine, not containing sugar, but con¬ 
taining a large amount of solid ingredients (specific gravity 1004-1012). 

If the disease be acute, as in convalescence from divers acute disorders, 
or in consequence of a spontaneous strong diuresis, or one produced by 
medication, or if it is only of occasional recurrence, as in some cases of 
hysteria, etc., it is of no great general importance, and is almost always 
curable. 

If the disease, on the contrary, be chronic, the same symptoms as in dia¬ 
betes mellitus are present: excessive thirst, emaciation, debility, pains in 
the head and limbs, dyspeptic phenomena, obstinate constipation. In some 
cases there are also psychopathy, epilepsy, etc. A cure is rare. Death 
usually only occurs from intercurrent diseases. 

The disease occasionally arises suddenly, sometimes gradually ; most fre¬ 
quently it attacks young people. 

The affection causing simple chronic polyuria is most probably located in 
the brain: in favor of this is the physiological experiment of injuring a 
certain point in the floor of the fourth ventricle, in consequence of which 
an increased secretion of urine, lasting several days, occurs; and also clini¬ 
cal observation. In several lately reported cases polyuria had occurred in 
consequence of violent encephalopathies, due to constitutional syphilis, and 
disappeared under appropriate treatment. In other cases dissection proved 
different disorders of the brain, more particularly the medulla oblongata. 

The cases in question are cited by Jakscii, Luys and Dumontpallier, the 
Author, Leyden, Mosler, Fernet, Gentilhomme, Lancereaux, Pribram, 
Ebstein. 

The mode of origin of diabetes insipidus is not known. According to Pettenko- 
fer and Voit, albumen and fat are perhaps decomposed in large quantities, just as 
in mellituria, and not enough is introduced into the body to make good the loss, but 
everything is consumed to carbonic acid and water: if that were true, d. insipidus 
would only differ from d. mellitus by the absence of sugar in the urine. 

According to Pribram {Pray. Vjschr., 1871, IV., p. 1), the increased excretion of 
urea in diabetes insipidus is secondary. Under certain circumstances the polydipsia 
is primary. 

DIABETES INOSITUS. 

This is that form of diabetes mellitus in which inosite, a non-fermentable 
sugar contained in the muscles, takes the place entirely, or at least prepon- 
deratingly, of the grape sugar. Minute quantities of inosite have been 
found frequently in the urine in diabetes as well as in other diseases (albu¬ 
minuria, etc.). 

Vohl, Arch. f. phys. Ileilk., 1858, p. 410. 

XV. pyyemia (septico-py.emia). 

(Pus-poisoning. Purulent fermentation of the blood. Metastatic dys- 
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crasia. Purulent diathesis.—Septicaemia. Icliorrluemia. Putrid infec¬ 
tion.) 

J. IIunter, Transact of the Soc. for the Impr. of Med. and Chir. Knowl. , 1793, V., 
1. — Gaspakd, Journ. de phys. par Magendie, 1822, II., p. 1 ; 1824, IV., p. 1. — Ma- 
gendie, Journ. dephys., III., p. 81 ; L'union med., Jan., Oct. , 1852.—Cruveiehier, 
Rev. med., 182(3; Diet, de med. et de chir. prat., art. Phlebite .— Bayee, Mem. sur la 
fierre putr. et gangreneuse, Rev. med., 182(3, II., p. 89. — Dance, Arch. gen. denied., 
1828, p. 473; 1829, pp. 5 and 1(51 .—Aunott, Med. - Chir. Transact., XV.; Path. 
Unters. d. secund. Wirk. d. Venenentz , Uebers., 1830. — Tesster, Rec. demed. veter. 
prat., 1839; Arch, de med., t. III. — D’Aiicet, Rech. sur les absces multiples et sur 
les accidents, qu'amene la presence da pus dans le syst. vase., 1842. — Berard, Diet, de 
med., 1842., XXVII. — Lebert, Phys. path., 1845. — Castei.nau et Ducrest, Mem. 
del'acad., 184(5, XII.—Virchow, Med. Reform., 1848, Xo. 15 ; Ges. Abh., 1856, p. 219, 
p. 636, eta.—S kdielot, De Vinfection purulente ou pyoemie, 1849. — Simpson, Edinb. 
Monthly Journ., Nov., 1850. — Beck, Unters. u. Stud, im Geb. d. Anat., etc., 1852. — 
Maisonneuve, Mem. de la soc. de chir., 1853; Compt.-rend., 1866, LXIII. — Stich, 
Ann. d. Char.-Krank., 1853, III., p. 192. — Tiiierscii, Infectionsverss. an Tliieren 
etc., 1854. — Gosseein, Mem. de la soc. dechir., 1855, V., p. 147. — Panum, Bibl. fur 
Laeger., 1856, VIII., p. 253; Schmidt's Jahrb., 1859; Virch. Arch., XXV., p. 441. — 
Boser, Arch, delleilk., 1860,1., p. 39 etseq. —Wyss, Reob. iib. Septikdrrde, Zurich Biss., 
18(52. — BiEEROTn, Arch. f. klin. Chir., 1862, II., p. 325 ; 1864, VI., p. 382 ; 18(55, VI., 
p. 372; 1867, IX.. p. 52. — Kirkes, Brit. Med. Journ., 1863, No. 149.—0. Weber, 
Deutsche Klin., 1863, No. 48 ff.; 1864, No. 1 ; 1864, No. 48; 1865, No. 2 .—Wagner, 
Arch. d. Ileilk., 1865, VI., p. 14(3, p. 369, p. 481.—Schweninger, Ueb. d. Wirk. 
faul. Subst., etc., 1866. — Hemmer, Exper. Stud. iib. d. Wirk. faul. Stoffe, etc., 1866. — 
Waedkyer, Virch. Arch., 1867, XL., p. 379. — Schmitz, Zur Lehre vom putriden 
Gift., Dorp. Diss., 1867. — Lister, Brit. Med. Journ., 1867, No. 351. — Bergmann, 
Petersb. med. Ztschr., 1868, XV., p. 16. — IIueter, In Pitha-Billroth's Hdb. d. Chir., 
I., 2. Abth., p. 1, 1869 .—Fischer, Ueb. d. lieut. Stand d. Forsch. in d. Pydmielehre , 
18(59. —The latest literature is indicated infra. 

The literature on puerperal fever is very voluminous. Those who described it first 
werePEU, Vesou, Wieeis (1682), who introduced thenameof ‘ ‘febrispuerperarum," 
de ea Motte aud Maeouin (1746). Its essential nature was insisted upon particu¬ 
larly by Kiwisch aud Litzmann. The greatest credit for the demonstration of the 
contagiousness of this disease is due to Semmkeweiss (Die AEtiol., der Beg riff u. die 
Prophyl. des Kindbettfrs. , 1861). Also see Veit ( Krankh. d. weibl. Geschlechtsorgg., 
Jn Virch. Handb. d. spec. Path. u. Ther ., 1867). 

Pyaemia, Septioo-py.-emia, is usually an acute disease, starting in a puru¬ 
lent or ichorous focus situated on the external surface of, or within the 
body, caused by the absorption of mechanically or chemically noxious, so- 
called septic or putrid substances, which originate in that focus aud in its 
vicinity, and which is characterized by symptoms of a severe febrile consti¬ 
tutional disorder, usually with prominent nervous symptoms, frequently by 
simultaneous venous thrombosis with emboli, by chills and by so-called 
metastatic abscesses in diverse organs, especially the lungs, with inflamma¬ 
tion of their serous membranes. 

The usual cases of surgical pyaemia and of puerperal fever are composed 
of mechanical or chemical processes. They consist of embolic inflamma¬ 
tions, which have their starting-point usually in the veins of the injured 
part (so-called embolic pyaemia), and of a constitutional disorder, which is 
the consequence of the absorption of noxious fluid or gaseous, or, according 
to later examinations, vegetable substances (globular bacteria), formed at 
the wound or propagating there (so-called septicaemia, septic pyaemia). Clin¬ 
ically the two processes cannot always be separated: frequently the coarse 
emboli are at the same time impregnated with the noxious substance, so 
that the mechanical and chemical injurious effects appear simultaneously at 
the place of deposition of the emboli. But, as cases of septicaemia also 
occur by themselves, without thrombosis and without consecutive embolic 
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inflammation; while, on the other hand, thrombi and emboli, acting merely 
mechanically, never produce pyaemia, we must place septicaemia in the fore¬ 
ground, and make it the basis of observation. 

The difference between septic and embolic pyaemia was first distinctly defined by 
GASPARD, and in Germany by VIRCHOW. 


I. Septicaemia or ichorrieemia. 

(Septic or septiccemic or ichomemic pyaemia. Traumatic sepsis. Putrid infec¬ 
tion.) 

The causes of septicaemia are extensive and severe (causing gangrene) 
contusions of soft parts and of boues, usually with, more rarely without 
injuries of the skin ; injuries and non-traumatic affections of every kind, in 
the course of which decompositions of the extravasated blood, of stagnant 
pus, of gangrenous tissues occur (diverse affections of the bones, especially 
acute periostitis and osteo-myelitis, skull-injuries, puerperal diseases, so- 
called cold or lymphatic abscesses, in which the disease appears usually 
only secondarily, after spontaneous and particularly after artificial opening). 
Probably also some forms of gangrene partly belong here (bed-sores, scorbu 
tic gangrene, gangrene from faecal and urinary infiltration), as also poison 
ing from dissection-wounds, so-called pseudo-erysipelas of the subcutaneous, 
intermuscular, etc., tissues, some inflammations of the cellular tissue and in 
the neighborhood of the salivary glands, and the severe so-called diphtheritic 
inflammations of the throat and the large intestines. 

Some also include in this class common traumatic fever, inasmuch as in every 
wound, which does not heal by first intention, some of the tissues die; also the so- 
called surgical after-fever, which occurs later than traumatic fever and which usually 
is the consequence of retained pus, as also of slight inflammation of the subcutaneous 
and intermuscular tissue; lastly, the so-called milk-fever after confinement (Hal- 
bertsma, Med. Gtrlbl ., 1870, No. 25). Perhaps also the so-called secondary or purulent 
fever in the stage of suppuration or maturation of small-pox belongs here. But it is 
at present hardly justifiable to enumerate with the above several other acute non- 
surgical diseases, which are characterized particularly by their unknown origin, their 
rapid course accompanied by serious fever and nervous symptoms, their not infre¬ 
quent termination in death, and by the insufficient facts discovered in post mortem 
examinations (.the various typhoid conditions, yellow fever, scarlatina, etc.). 

Several diseases, which arise in consequence of partaking of decomposing food and 
drink, and respiring the air of illy-ventilated dead-houses and hospitals (so-called 
hospital catarrh of the stomach and intestines), partly belong here. 

According to the position of the centre of the septic poison within or without the 
body of the patient, Hueter makes a distinction of autochthonous and heteroch- 
thonous septicaemia. 

Many make a distinction between septicaemia and ichorrliaemia. The 
decomposition is said to originate spontaneously in the latter, and in conse¬ 
quence of an extraneous agent in the former. 

Septicaemia (putrid infection) originates through putrefying and decaying sub¬ 
stances, which get (accidentally or—in experiments—purposely) into the blood ; 
ichorrhaemia (ichorrhaamic infection) is produced by a substance not at present 
more closely definable (Virchow’s ichor ), which is formed within the body in 
some diffused purulent discharges without any actual gangrene. Anatomically and 
clinically septicaemia and ichorrhaemia are inseparable. But it must not be under¬ 
stood that this proves the identity of both processes, nor that the one or the other is 
a strictly scientific conception. Both are only generic terms for probably very differ- 


5S8 


SEPTICAEMIA. 


ent conditions, whose chemical character is still very little known to us, but which 
display to our present knowledge certain pathologico-anatomical and especially clinical 
analogies. 

The pathological anatomy of septicaemia (as well according to experi¬ 
ments as to observations in man) is not very characteristic. If the origin of 
the disease is of a traumatic nature, non-circuniscribed, but diffused, bloody 
or ichorous infiltrations, varying in extent and depth, appear. But almost 
constantly present are only incomplete coagulation, and diminished con¬ 
sistency of the blood, usually acute enlargement and softening of the spleen; 
occasionally (in animals almost constantly) acute intestinal catarrh with 
enlargement of the intestinal follicles and mesenteric glands, often slight 
haemorrhages of the serous and mucous membranes, occasionally enlarge¬ 
ment of the liver and kidneys. The brain, etc., show no characteristic con¬ 
ditions. Nowhere are there any metastatic abscesses. The corpse putre¬ 
fies very rapidly. 

The symptoms of septicaemia appear usually 2-4 days after the injury, in 
non-surgical cases at an uncertain period after the commencement of the 
disease. The wound often does not at all suppurate, but discharges a thin 
bloody or ichorous secretion, occasionally containing air-bubbles; in its 
vicinity, occasionally very extensive, inflammatory oedema develops within a 
few hours or days ; so-called gangrene foudroyante, acute purulent oedema, 
progressive gangrene of the cellular tissue. The skin is of a peculiar red¬ 
dish-brown color. The actual constitutional disease mostly begins quickly, 
usually without, more rarely with chills. Barely the disease is unat¬ 
tended by fever. Nearly always severe, continuous or light remittent fever 
(temp. 39°-40° C.) exists, occasionally after a previous fall of temperature. 
The pulse is frequent, commonly small ; the respirations are increased. 
Almost always intense thirst, dry tongue, and want of appetite exist. The 
sensorium is influenced, as in serious typhoid cases, so that existing, at 
other times painful affections are painless. Usually quiet delirium, more 
rarely restlessness, is present. Occasionally, slight icterus, mostly without 
icteric condition of the urine, occurs. Barely, abundant diarrhoea sets in, 
occasionally with all the symptoms of cholera. The skin at first frequently 
perspires abundantly, later it is usually dry ; the urine is scanty, dark, 
occasionally albuminous. All movements are feeble. Death occurs, fre¬ 
quently with agony of long duration, sometimes after a few days, usually at 
the end of the first week. 

Here perhaps belong also many cases of puerperal fever, which terminate fatally 
after a course of a few days or weeks, mostly soon after the confinement, even al¬ 
ready previous to it, which begin with chills, and run through their course with 
nervous symptoms, high fever and quickened respiration. Dissection shows negative 
results, or the appearances above stated. 

In very rare cases death occurs after chronic suppuration of long duration, without 
the occurrence of metastatic foci as shown by dissection : so-called traumatic hectic, 
traumatic phthisis, pyaemic marasmus. Many accept this as a chronic septicamiia. 


2. Embolic pyaemia, pyaemia in its restricted meaning, septico-pyasmia. 

The causes of embolic pyaemia are most frequently so-called compound 
fractures, severe contusions of the soft parts, extensive amputations and 
resections (more rarely surgical operations which only implicate the soft 
parts), traumatic and non-traumatic suppurating periostitis and osteo-my- 
elitis, suppurating phlebitis, puerperal endometritis, rarely suppurations of 
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tjie internal organs, most frequently those of the urinary passages, the large 
intestines, and the heart. Pyaemia occurs sporadically, as well as epidemi¬ 
cally and endemicallv, under such circumstances even in relatively light in¬ 
juries, or primary affections. It causes the large majoiity of fatal cases 
after severe operations, especially amputations, in hospitals, and the large 
mortality in lying-in hospitals in proportion to that in private practice. In 
all these cases there are either no demonstrable causes ; or they are noxious 
substances, which are contained in unclean hands, instruments, bandages, 
sponges, beds, etc.; or in the air of those localities in question (overcrowded 
or badly ventilated sick-houses and lying-in wards). A so-called primary 
or spontaneous pyaemia is not demonstrated. 

Anatomically it is especially characteristic, that embolic pyaemia has its 
source in a venous thrombosis. Consequently it occurs most frequently 
where dense and extensive venous plexuses exist, e.g ., in the hsemorrhoidal 
and uterine veins, as also where the injured veins cannot reunite for physio¬ 
logical reasons (veins of the bones), or on account of preceding diseases 
(formation of cicatrices in the vicinity), or in consequence of badly-applied 
bandages, etc. 

Thrombosis of veins occurs most frequently in the larger or medium- 
sized vessels, which run at the point of the primary wound, or at least com¬ 
municate with it (so-called traumatic, compression, and inflammatory 
thromboses) ; more rarely in those which are not in direct communication 
with it (e.g., in injuries of the extremities, in the A'eins of distant large 
muscles, in those of the vertebral region, of the pelvis : so-called dilatation- 
and marantic-thromboses). In both cases the production of venous 
thromboses is favored by weakened activity of the heart, but also partly by 
unknown circumstances (dyscrasia, or more ready coagulability of the blood 
in the wounded ?). 

Petit ( Gaz . Tiebd. , 1871, No. 31) calls attention particularly to the smaller inter- 
and intra-muscular veins, which lie in the immediate site of the operation-wound, or 
in its vicinity. 

The thrombi in the parts in question do not organize, but they undergo 
a simple, more frequently a putrescent softening. The latter is produced 
or at least favored by ichorous suppuration in the parts surrounding the 
veins containing the thrombi: the ichorous poison is diffusible. 

The thrombi of the veins in pyaemia are situated occasionally in un¬ 
changed vessel-walls, occasionally the latter are infiltrated with pus or 
ichor in one or in all of their tissues, the internal as well as the external, 
the connective tissue coat (suppurating and septic phlebitis) ; primary and 
secondary thromboses. 

Emboli produced from such thrombi go from the right heart into the lungs ; 
by preference first into the posterior parts of the inferior lobes (see p. 201), 
where they can be demonstrated in almost evei’y case. They very rarely 
remain impacted in larger, most frequently in medium-sized and small 
arterial branches, or even in capillaries. Here they cause rarely only haem¬ 
orrhagic infarcti, usually metastatic abscesses: the latter, because they are 
usually in a state of ichorous decay, and cause a similar decomposition of 
the products of inflammation in the coats of the vessel (pulmonary artery) 
and its surrounding parts. In their vicinity the lung-tissue is hypersemic 
and oedematous, or hyperaemic and haemorrhagic, or merely in a state of 
catarrhal inflammation. The number of these centres is variable, in gen¬ 
eral so much the greater the oftener the patient has had chills. 
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In a large majority of cases infarcti and abscesses only occur in the lungs, 
while in others they are also present in the spleen, kidneys, and liver, and 
still in other (almost in all) of the vascular organs. The suppurating or 
putrid eniboli, which are the causes of those infarcti and abscesses, get into 
these organs either after they have passed through the lungs ; or the throm¬ 
bi of the pulmonary artery pass into the pulmonary veins and their 
thrombi form emboli; rarely the emboli are carried directly by means of 
a sort of reversed current into the different organs (e.(f ., those from the 
inferior branches of the vena portae into the veins of the liver; see p. 201). 

In a careful examination of the bodies of pyoamics thrombi are frequently found, 
besides venous thrombi which are imbedded in ichorous surroundings, whose adjacent 
parts are in this respect normal. Such thrombi sometimes do not occasion, if they 
form emboli, metastatic abscesses; at other times these do originate, probably because 
the thrombi become infected by altered blood on their way from the periphery to the 
lungs. Lastly, some coagulations in the lungs are secondary, only arising in conse¬ 
quence of the formation of infarcti. 

Experiments in regard to this (the action of bodies obstructing vessels and the 
production of multiple abscesses by them) were first made by Cruveiliiier, later 
especially by Virchow. The close relation of venous thromboses and venous in¬ 
flammations to pyaemia was insisted upon already by Bichat and Hodgson, later by 
Sasse, Bouillaud, Crisp, Carswell, Gulliver, Cruveiliiier, Rokitansky, 
Dance, and Arnott. 

Though the origin of metastatic deposits in the lungs is explained, that of those in 
other organs is still doubtful. In cases where the lungs are free from such deposits, 
it can be supposed that several small coagula, of about the size of white blood-corpus¬ 
cles, pass through the lung capillaries, and, enlarging by deposits of fibrin from the 
blood, become impacted in the capillaries of other organs; or that larger coagula pass 
accidental^ through such parts of the lungs where direct changes of arterial to venous 
branches exist. Where metastatic deposits are found in the lungs and other organs 
simultaneously, the same mode of origin may be accepted, or the deposits in the 
kidneys, etc., may be believed to be the products of transported secondary coagula, 
that is coagula passed from the pulmonary artery through the capillaries into the 
branches of the pulmonary veins. 

The serous membranes, to whose surface the abscesses extend, especially 
the pleura, present circumscribed or diffused inflammations, frequently with 
suppurative or ichorous exudation. More rarely such inflammations of the 
serous membranes exist without demonstrable abscesses of the organs in 
question, occasionally there are similar inflammations of the joints. Their 
origin is not yet known. 

The lymphatic vessels starting from the primary purulent focus are fre¬ 
quently normal, rarely more abundantly filled with the usual lymph or that 
made cloudy by an admixture of pus. Their lymphatic glands are usually 
more or less hyperannic and swollen, in a state of cellular hypertrophy. 
The other lymphatic glands are nearly always normal, more rarely they are 
similarly affected, but in a lesser degree. The spleen is commonly more or 
less hypersemic and swollen by the same hypertrophy. The blood is richer 
in colorless corpuscles and contains globular bacteria (vide infra). Its 
chemical examination has not as yet shown anything. 

The other organs show the same changes as after other serious febrile 
diseases which cause acute marasmus. The liver often presents parenchy¬ 
matous infiltration. The occasional icterus is usually not of mechanical 
nature (see p. 556). The kidneys are similarly changed as the liver. The 
stomach and intestines are occasionally in the same condition as in septi¬ 
caemia. 

The symptoms of pyemia are in the majority of cases characteristic. 
They usually set in suddenly. Almost always moderate or high fever exists : 
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SS 0 -!! 0 C.; pulse 120-140, at first large, full, even dici'otic, later small, 
soft; increased respirations. The temperature sinks from this height fre¬ 
quently in a few hours to its normal degree. The affection begins most 
frequently with a severe chill, lasting several minutes to one hour and 
more, with a temperature of from 40 w C. to almost 42° C., which is attained 
occasionally in a few hours; the chills recur during the first days usually 
daily, rarely regularly, at times even several times a day, less frequently 
they are entirely absent; consequently to the chill a sensation of intense 
heat, and profuse perspiration sets in. The skin is either dry or damp, 
occasionally covered with sudamina; later it becomes frequently more or 
less icteric. There are loss of appetite, great thirst, thickly coated, fre¬ 
quently dry tongue; not rarely painless diarrhoea: the face is haggard; 
general bodily and mental depression; frequently headache; often moderate 
enlargement of the spleen. Later on only moderate symptoms on the part 
of those organs which are affected by the metastatic inflammations, appear: 
most frequently symptoms due to the respiratory organs and pains in the 
joints; though the latter are often, notwithstanding intense inflammation, 
quite painless. Rarely are characteristic symptoms of the other affected 
organs present. Quite frequently bed-sores exist. The external wound, 
which has caused pyaemia, very rarely shows no changes. Nearly always 
they do occur, sometimes even before, more frequently only after the first 
chill. If the wound be lately made, neither prima intentio nor suppura¬ 
tion occurs, but a rapid decay of the injured tissues and an unusually 
intense inflammation of the surrounding parts (intense hypersemia, great 
oedema, etc.), sometimes with a similar affection of the vascular and 'lym¬ 
phatic vessels (including the lymphatic glands), or without. If the wound 
has already commenced to granulate, its secretion usually diminishes, so 
that its surface appears as though it were varnished; or the previously 
yellow, cream-like pus becomes yellowish-green, thinner, ichorous; or the 
wound bleeds. The wound itself looks inflamed, and is painful; existing 
granulations become smaller and more flabby; the already commenced heal¬ 
ing stops. The parts surrounding the wound are (edematous, or evenly or 
irregularly flushed; the entire limb occasionally appears remarkably with¬ 
ered. The veins and lymphatic vessels give more or less distinct signs of 
thrombosis and inflammation. Nothing is known in regard to the changes 
of the primary purulent centre, if it is not upon the external surface of the 
body. 

After an usually acute course, lasting one to two weeks, more rarely a 
sub-acute and still more rarely a chronic course, in which the chills decrease 
in number and intensity, death occurs, rarely convalescence. The latter is 
observed in private practice more frequently than is usually thought. 

In regard to the condition of the temperature, see Wunderlich, Das Vet'll. d. 
Eigenwdrme . 1870, p. 344; Heubner, Arch. d. Heil/c. , IX., p. 289; Seguin's Ther¬ 
mometry . 187G, pp. 156, 161. 

Pyaemia does not in all cases show either of the above-described sets of symptoms. 
In some cases (in consequence of insufficient absorption of the noxious substance ?— 
or in those less disposed ?) it occurs only in the form of a so-called pyaemic febricula 
(Malgaigne, Stromeyer, Roser) in women after confinement as so-called milk- 
fever. At other times it occurs as so-called traumatic or pyaemic erysipelas, or as 
pyaemic diarrhoea (Roser). Still in other cases slow suppuration is developed, with¬ 
out fever and without any great constitutional disturbance in the skin in several 
joints. 
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PUERPERAL FEVER 

Is an affection aetiologically, anatomically, and symptomatically similar 
to pyaemia in general, sometimes more to its septicamiic, sometimes more to 
its embolic form; only differing from it by tlie affected individuals. It 
occurs in the largest majority of cases in women after parturition, but is 
also found in exactly the same form in pregnant women, in their children, 
in non-pregnant women, in women upon whose genitals operations have 
been performed. 

Just as ordinary pyaemia, puerperal fever occurs rarely sporadically, 
most frequently epidemically and endemically. 

The affections of the puerperal state which occasion pyaemia are : puer¬ 
peral endometritis and endocolpitis of a catarrhal, so-called croupous or 
diphtheritic nature: colpitis is most frequently preceded by lacerations of 
the vulval orifice, produced by the child-birth, or by parenchymatous 
haemorrhages, which are transformed into simple or ichorous ulcers; endo¬ 
metritis is frequently due to lacerations of the cervix uteri y diffused metri¬ 
tis, and diffused or circumscribed parametritis (so-called extra-peritonseal 
pelvic abscesses) : the former two forms occur alone, or are combined with 
lymphangioltis or with other puerperal inflammations ; diffused metritis 
originates most frequently in lacerations of the vagina, more rarely from 
contusions of the cervix ; puerperal thromboses, particularly of the uterus 
and its appendages: originating primarily, as well as after metritis, etc. ; 
perimetritis, which originates directly from an endometritis, metritis, and 
parametritis, or from a salpyngitis; suppurative peritonitis. 

Eacli one of the above-named affections may become the cause of puer¬ 
peral fever : most frequently it is diffused metritis and endometritis, whence, 
by means of the veins or lymphatic vessels, or both, the general circulation 
receives noxious substances. These different affections are almost never 
found simultaneously and irregularly in the same epidemic or endemic, 
but almost always one of them predominates. This has I'ightly led to the 
acceptation of so-called forms of puerperal fever. These diversities are mostly 
present in those affections which are secondary to the above-mentioned 
principal affections (secondary parotitis, puerperal scarlatina, etc.). Finally, 
they also influence the mortality in different epidemics: dissection occa¬ 
sionally shows remarkably numerous, occasionally very slight local lesions. 

According to Buhl (Mon. -Schr. f. G eburtsk. u. s. to., 1864, XXIII., p 306), non- 
puerperal traumatic interferences with the vagina and uterus (e.g. , episiorrhaphy, 
ecrnsement of an epithelial cancer of the vagina) may also produce a disease similar 
in every respect to puerperal fever: diphtheria and gangrene of the surface of the 
wound, suppurating lymphangioltis in the sub-peritoneal connective tissue of the 
uterus, suppurating peritonitis and frequently also pleurisy. The puerperal fever 
loses thereby everything specific: it is only a pyamiia originating from the genitals. 
Only the form of the injury, here an operation, there preceding parturition with usual 
or unusual consequences, makes the distinction. 

Suppurating peritonitis can cause pyamiia by the pus entering the blood through 
the lymphatic vessels of the diaphragm, and not only through the pars tendinea 
(Recklinghausen), but also through its pars mitsculosa (Brandberg, Nord. vied. 
Ark., 1871, III.). 

Theory of py.emia. 

After this mostly clinical representation of pyaemia we will give a general 
pathological representation, as far as such is possible by the comparison of 
observations on man with the very numei’ous experimental investigations. 
The latter bear partly on the origin of pyaemia in general and of its two 


PATnOLOGY OF PYJEMIA. 


593 


forms, partly on the relation of one to the other, partly on the nature of the 
active substance. The latest examinations in regard to vegetable parasites 
have made it very probable, not only that these are the active agents, but 
also—what lias been clinically quite generally accepted—that septicaemia 
and pyaemia owe their origin to different plants (the first to rod-bacteria, 
the latter to globular bacteria), and finally that both may combine. Before 
giving the general pathological observations on both forms of pyaemia, some 
points must yet be mentioned, which belong equally to both affections. 

Pyaemia (septico-pysemia) originates from a noxious substance which 
develops in the primary lesion spontaneously, or which is brought there 
from without. 

In favor of the spontaneous origin of this substance are those cases 
which occur after extensive contusions with diffused extravasations of 
blood, or after other severe injuries; or, finally, without preceding trauma, 
even if the skin is unbroken, if the injured are in healthy localities; if, 
lastly, all other sources of infection are in all probability excluded, symp¬ 
toms of septicaemia or of embolic pyaemia occur. Many cases of so-called 
primary acute ulcerating endocarditis also speak in favor of this genesis. 

Much more frequently, however, the noxious substance comes from with¬ 
out into the primary ( lesion or wound. The substance is then either a 
fluid, which is brought from the wound of a similarly sick person by the 
finger, instruments, bandages, etc., of a physician or nurse: as in operations 
of every kind, in women during and after parturition, in the so-called post 
mortem wound ; or the access of air contaminated by chemical or parasiti¬ 
cal noxious substances is sufficient to produce changes in the wound, which 
induce pyaemia. Both forms of infection probably occur through the fre¬ 
quent epidemic and especially endemic appearance of pyaemia and puerperal 
fever, as well in hospitals and lying-in wards, as in private practice. The 
latter particularly has given unquestionable evidence, which can hardly be 
explained but by the infection theory, for puerperal fever. 

These and many other experiences, particularly that neither the extent 
and severity of the injury nor the kind of injured tissues are the only 
cause of pyaemia, undoubtedly prove that the disease in the vast majority 
of cases does not arise spontaneously, but that it is of miasmatic or conta¬ 
gious origin. Lately most authorities have stated their belief in its conta¬ 
gious or contagious-miasmatic origin ; i.e., that the disease arises usually 
from a similarly diseased individual: but it can also be brought from sup¬ 
purating or ichorous surfaces of non-pyaunics, especially where many such 
patients lie in the same poorly ventilated rooms,' or where pus, ichor, etc., 
of such patients (after death) decompose. 

Just ats widely spread, and partly better founded, is the opinion in regard 
to the contagious nature of puerperal fevei\ The contagium is brought by 
physicians, students, midwives and nurses, sometimes directly, sometimes 
by instruments, bandages, or cloths, upon wounded skin or mucous mem¬ 
brane of the genitals, whence it gets directly into the blood, or where it 
first occasions infection of residues of blood, placenta and decidua^ which 
are present within the genitals, of the locliise, etc., and secondarily one of 
the above mentioned affections, most frequently endometritis and diffused 
metritis. 

Private practice gives more remarkable and demonstrable examples for this, than 
hospital practice. In regard to the former, a number of careful observers (Weg- 
SCIIETDEK, WlNCKEL, VEIT, WERDTMURLER, STEIIBERG, MaYER, KAUFMANN. 
Ahi/FELD, and others) have stated, that puerperal fever is restricted exclusively 01 
almost so, to the practice of a few accoucheurs or midwives, or that it is transported 
38 


504 


rATIIOLOGY OF PYAEMIA. 


from place to place from lying-in-wards, or from a private residence by physicians, 
midwives or nurses, who have come in contact with those who had been sick with or 
died from puerperal fever, with portions of their bodies or with the clothes or bed- 
linen infected by them. 

The sporadic cases undoubtedly originate most frequently by infection with the 
puerperal septic substance. But they may arise, just as the first case of an epidemic 
or endemic, by infection of some other material, not originating in sick parturient 
women : through pregnant women, suffering from phlegmons of different kinds, from 
ulcers, e.ff., of the extremities, through physicians and students, who bring with 
their fingers, clothes, or instruments septic substances from those sick with other dis¬ 
eases or from their bodies. 

But observations in lying-in wards also speak much more in favor of the contagious 
nature of puerperal fever. Women who are received in lying-in wards after their 
confinement have great immunitj' from the child-bed fever; even those received 
during labor rarely become affected. Most frequently those become sick who come 
into the institution a short time (one to a few days) before their confinement. In 
favor of its contagiousness are furthermore the fluctuations, which occur in the time 
of the appearance of puerperal fever, especially if we accept a stage of incubation of 
24-48 hours’ duration. The first symptoms appear usually only on the second or third 
day after the confinement, thus 1-2 days after the period in which examinations 
were made most frequently, and in which the not rarely injured genitals can be 
easily touched and infected by the examiner. The appearance of puerperal fever in 
the newly born infant also makes the above opinion probable. If they die during or 
immediately after birth, the infection has been affected V\y the blood of the mother 
infected already previously to or during parturition. If the child sicken later, it has 
become infected most frequently at the umbilical wound by the mother or the nurses 
directly, or by means of the clothes. 

Against the miasmatic nature of pyannia as well as of puerperal fever, is the fact 
that their occurrence and their propagation is not dependent upon any peculiar con¬ 
stitution of the air; that they occur in all degrees of latitude, by the same condi¬ 
tions of the weather, etc. ; that the seasons of the year (winter) only influence them 
indirectly ; the greater prevalence of puerperal fever in lying-in wards, the differences 
which the diverse institutions show, the fluctuations in the proportion of mortality, 
which occur in the same house at different times, speak at least as much in favor of 
its contagious as of its miasmatic nature. (See the numerous statistics of child-bed 
fever by Veit.) 

The substance brought into, or originating spontaneously in the primary 
wound changes it so much, that the alteration is visible. ( Vide p. 591.) 

The microscopic changes of such wounds have been examined more par- 
ticularly within the last years: partly in regard to the composition of the 
pus, especially its inclusion of bacteria, partly in regard to the action of the 
bloodvessels, through which absorption of the noxious substance occurs. At 
newly made wounds this absorption can take place directly, as from the 
moment of reception of the injury first unaltered, later putrid substances 
(extravasated blood, tissue-fluids, even portions of the tissues) are received 
through the torn vascular and lymphatic vessels, until a closure of the same 
occurs by compression or thrombosis (vide infra). 

In well-granulating and suppurating wounds no communication seems to 
take place, under normal circumstances, between the surface of the wound 
and the vessels lying at its base. Most medicaments brought upon such 
wounds do not penetrate into the general circulation, unless they act as 
caustics. Putrid substances put upon the surfaces of wounds in animals 
have no general consequences, while such do arise if much smaller quanti¬ 
ties of the same substance are injected into the subcutaneous cellular tissue 
or into the veins. In normally granulating suppurating wounds the 
arteries are probably rapidly closed by organizing thrombi. The veins are 
usually quite collapsed and much folded; only if they were already pre¬ 
viously diseased, as well as in abnormal general conditions, thrombi are 
formed within them. If these organize, then absorption of noxious sub- 
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stances is only possible in the beginning. But if they soften, if at the same 
time a loosening of their coats takes place through serous or purulent in¬ 
filtration, noxious substances can enter the more readily the nearer they 
ai - e to the wall of the veins; they saturate the thrombus and penetrate with 
it, as soon as it becomes an embolus, into the affected organs. The 
capillary vessels of the surface of the wound are compressed at first by the 
oedema, later by the granulation-tissue, but are likely to reopen, until their 
lumen has definitively disappeared. But such an absorption may take 
place by the newly-formed capillaries. The transmigration of cells into 
the bloodvessels, proven within the last years, which has been seen in the 
colorless blood-corpuscles, in pigment-cells and in the common (immovable) 
connective-tissue corpuscles, is very important in regard to the absorption 
of noxious substances into the vascular system : for as well as lymph-cor¬ 
puscles with coloring matter, so may they, containing bacteria, penetrate 
through the vessel’s wall into its lumen, alter the thrombus, etc. (vide inf ra). 

Some ascribe the greatest importance to the lymphatic vessels in the absorption of 
septic substances. What part they take in the regular healing of wounds and in 
suppuration, we do not know ; the lymphatic glands remain normal. In ichorous 
suppurations, on the contrary, demonstrable lymphangioitis and lymphadenitis are 
present already even during life. Billroth has demonstrated by injections, that the 
lymphatic vessels become closed at the wound, that they do not end there as open 
tubes, that the granulations have no lymphatic vessels, that these are only formed 
anew in the cicatrix with the transformation of the gelatine-like intercellular sub¬ 
stance of the granulations into connective tissue. 

The lymphatic glands may perhaps retain the noxious substance to a certain 
degree. But as it is here in intimate connection with their numerous capillaries, 
another source for the absorption of such substances exists in the presence of the 
bloodvessels. 

The absorption of the septic substance probably only takes place at the 
point of the injury situated externally or within the body. This is proven 
partly by innumerable experiences in practice (only slight danger in all 
injuries, especially of the bones, if the skin be unbroken) ; partly by ex¬ 
perimental observations (difficulty of resorption of septic poison by unin¬ 
jured respiratory or digestive mucous membrane). 

Within what period of time absorption of septic substances occurs at the 
wound, we do not know. In some cases it probably continues as long as 
such substances are present, and as long as their resorption is possible by 
the vascular or lymphatic vessels. At other times only one shorter or 
longer period of absorption takes place : it causes traumatic fever, or a 
short attack of fever later arising. In still other cases absorption occurs 
repeatedly, daily once or several times : many believe the chills of pyaemia 
to be a symptom of such absorption. 

Microscopic demonstrations of the absorption of noxious substances into 
the blood, lungs, etc., have been already given, at least for fat. But only 
lately has it been shown by clinical observation and experiment, that 
diverse substances are causes of pyaemia, and different substances have been 
demonstrated to be the generators of septicaemia and of pyaemia proper. 


That fluid substances are absorbed from the wound has been frequently proven for 
liquid fat. I found it as well iu newly inflicted injuries as in suppurations especially 
of the bones, and advanced the hypothesis that other not microscopically demonstra¬ 
ble substances can get with it from the pus-centre into the blood, etc. (1. c.). Buscn 
( Virck. Arch., XXXY., p. 825) demonstrated, that fat is absorbed as well by blood 
as by lymphatic vessels : he injected carmine mixed with oil into the destroyed med¬ 
ullary canal, and found carmine particles as well in the larger veins of the extre- 
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mities as also in the lymphatic glands. More rarely an albuminous embolus of the 
lung capillaries was found (Cohn, Klin, d. embol. Gefdsskrkh., p. 338.—The Author, 
1. c.) 

The numerous experimental investigations for the discovery of the nature 
and the consequences of the noxious substances have not yet led to a gener¬ 
ally received opinion. For neither the nature of the substance in general, 
nor of that causing either septicaemia or true pyaemia separately, nor the 
relation of one to the other, is as yet definitively known. It is most proba¬ 
ble that both forms of pyaemia are distinct, that they usually occur sepa¬ 
rately, but are occasionally also combined. 

In the experimental researches upon septicaemia, animals, most fre¬ 
quently dogs (rabbits and guinea-pigs react too strongly to the sub¬ 
stances used, to be advantageously employed); more rarely cats, horses, 
sheep, were injected with putrid substances of different kinds, as blood, 
albumen, muscular substance, lime, secretion from a wound, also putrid 
vegetable substances. The substances were usually carefully filtered, to 
avoid disturbing actions of a coarsely embolic nature. They were injected 
into the stomach and large intestine, also into the crop of birds, into 
the subcutaneous cellular tissue or into the pleural cavity, most fre¬ 
quently into the veins : in the former the phenomena appeared more slowly 
and were milder, were even entirely absent; in the last they appeared 
more rapidly and were more intense. Sometimes, large quantities were 
injected at once; sometimes, in order to imitate the natural processes as 
nearly as possible, small amounts were inserted repeatedly. But the latter 
modification has the disadvantage, that in its consequence numerous exter¬ 
nal wounds, and therefrom the possibility of thromboses, arise. At the 
point of the injection almost always intense inflammatory appearances set 
in. 

Such experiments were first made by Gasp Ann, later by Magendie, Sticii, Vir- 
ciiow, Panum, Billroth, O. Weber, Schweninger, Hemmer, Bergmann, 
Hueter, Klebs, and others. 

The action of putrid liquids is not dependent upon the individuality of the animal. 
The quantity of the solution necessary to produce death is in exact proportion to the 
size and weight of the animals. The duration of decay and extraneous circumstances 
influence the intensity of the action : by a temperature of 30-40° C. diverse solutions 
produced their maximum action in five to eight days. (Bergmann, also previously 
Virchow and Sticii.) 

The symptoms of this experimental putrid poisoning were in many 
respects similar to those of septicaemia. Smaller well-filtei'ed amounts, 
repeatedly injected, instantly occasioned restlessness in the animal; very 
soon efforts to vomit and vomiting, already after a few hours usually in¬ 
tense fever with temperatures to 40° C. and more, mostly with a very weak 
and rapid pulse and greatly hastened respiration. At the same time usually 
intense nervous disorders, at times more of a spinal, at others more of 
cerebral nature, again more dependent upon the sympathetic, appeared; 
moreover, great debility, muscular trembling, subsultus tendinum, vomiting. 
The almost constant diarrhoea was at first feculent, then catarrhal, at last 
often dysenteric, usually very profuse. The sclerotic was icteric. In pure 
cases metastatic inflammations of the lungs, etc., as also of the serous 
membranes, were absent. 

The intensity of the symptoms was in direct proportion to the amount of 
the injected fluid. Small amounts only produced moderate fever, or also 
vomiting, etc. Larger amounts had the consequences described above. 
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Still larger quantities, injected at once or in quick repetition, caused rapid 
death. 

Death is followed by an extraordinarily rapid decay. The blood of the 
fresh body (as well as that taken from the artery of the living person) is 
dark-brown, tar-like, does not oxidize, coagulates badly, its corpuscles are 
partly dissolved, and its serum colored red. The other stated blood-changes 
(acid reaction: formation of carbonate and hydrothionate of ammonia, or of 
lactic acid, diminished amount of fibrin, destruction of the blood-corpuscles) 
are probably phenomena of putrefaction. The great imbibition by the ves¬ 
sels’ coats of the coloring matter of the blood is probably due to the same 
cause. Whether a decrease of the blood-corpuscles occurs in consequence 
of diminished reproduction, is questionable. The mucous membrane of the 
stomach, and especially of the intestine, constantly shows intense, frequently 
haemorrhagic inflammations, now of a common catarrhal nature, now of so- 
called croupous or even diphtheritic character, frequently with great enlarge¬ 
ment of the intestinal follicles. The mesenteric vessels are abundantly 
filled. The lungs, kidneys, brain, and liver are also usually hyperiemic or 
contain numerous haemorrhages, lielatively rarely inflammations, frequently 
slight haemorrhages, occur in the serous membranes and in the joints. 

Fresh blood of a venesection in a healthy man can neither induce fermentation of 
sugar nor of urea, amygdalin and asparagin ; that of individuals who, on the con¬ 
trary, suffer with infectious diseases, even in a few hours causes not only sugar and 
urea, hut also amygdalin to ferment (Schmidt). 

Metastatic deposits were usually not found in these cases, if the injected 
masses were well filtered and the experiment itself was conducted with the 
necessary care. But occasionally metastases did occur. They were caused 
probably always by the bloody injury to the skin or vein necessary to 
making the experiment, particularly by fresh or by later-forming blood- 
coagula on the veins’ walls; perhaps also by the occurrence, in the animals 
who lived for a longer time after the experiment, of debility of the heart 
and muscles (marantic thrombosis). It is undecided whether putrid in¬ 
fection increases directly the tendency to coagulation of blood within the 
vessels. The secondary purulent or ichorous foci henceforth do not only 
act infectingly upon their surrounding parts, but also upon distant parts : 
partly because from them new emboli, saturated with ichor, get into the 
circulation, partly by fluid substances of the same kind. 

The experiments by Panum and O. Weber of injecting putrid fluids (without 
solid elements), sulphuretted hydrogen, sulphuret of ammonium, butyric acid and 
ammonia, did not cause coagulation within the capillary vessels. 

To determine the nature of the septic or putrid substances, different 
means have been tried. The undoubtedly existing and chemically demon¬ 
strable substances in septic poison were injected into animals, and the con¬ 
sequently occurring symptoms compai’ed to those of a putrid substance. 
By different observers sometimes the products of decomposition of the 
albuminates (leucin, butyric acid, valerianic acid), sometimes those of 
protagon (glycerin-phosphoric acid, solid fatty acids), but most frequently 
sulphuretted hydrogen, sulphuret of ammonium, and carbonate of ammonia, 
have been thought essential. 

A concurrence of all experimenters, from G-asfard and Mag-endie to Billroth 
and Weber, is still wanting: no one of those materials is just like the putrid sub¬ 
stance. 
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According to others the septic poison is an albuminous substance in the 
act of metamorphosis. Its action can be supposed to be one of fermenta¬ 
tion : it induces a process of fermentation within the blood. 

The older experiments in regard to this were made by THIERSCH, the later ones by 
Hummer and Schweninger. 


Lastly, in order to determine the nature of the septic substance, it has 
been attempted to isolate its active portions. The almost pure substance, 
sulphate of sepsin, thus produced, has the same action as common 
putrid poison. 


According to Panum, the real putrid poison is not identical with any one of the 
chemical combinations or any one of the substances, which have until now been isolat¬ 
ed by chemical analysis of the products of decomposition of nitrogenous substances. 
It is probably a concealed ferment belonging to the so-called extractive matters (car¬ 
bonate of ammonia, leucin, tyrosin, fatty acid, acetic acid, etc). It is not volatile, 
but fixed, is not decomposed by boiling, and is soluble in water. The albuminous 
substances contained in putrid fluids are not poisonous per se, but they con¬ 
dense the poison upon their surface. Putrid poison can only be compared in 
respect to its intensity to the poison of snakes, curare, and vegetable alkaloids. 
Bergmann* comes to similar conclusions. According to him, the poisonous action 
cannot be dependent upon animal or vegetable organisms (Meyeiihofer’s vibrionic 
theory), as solutions, which were exposed for hours to a’ temperature of 100° C., 
maintained their activity. Not the solid ingredients, but the fluids of the products 
of putrefaction, are the vehicles of the poison. The poison is not volatile, but diffu¬ 
sible. It is not a protein-compound. Biokomann and Sciimiedeberg (Mid. Ctrlbl., 
1868, No. 32) have produced the sulphate of sepsiu in a crystallized condition. It acts 
upon dogs and frogs exactly like the original putrid substance. Bergmann (D. 
Ztsc/ir. f. C/dr., 1872, I., p. 373) produced in his latest experiments active and inac¬ 
tive crystals of sulphate of sepsin from putrescent yeast. The former act in the main 
similar to the mode of putrid fluids, but they are more evanescent in their action, 
and the intestinal affection is more moderate. B. identifies his sepsin with the 
putrid poison generated by bacteria in putrefying substances. 

Zljlzek and SoNNENSCnEiN (Berl. klia. Wochr., 1869, No. 12) produced from 
maceration-fluids of the Berlin anatomical institute, a substance which acts like an 
alkaloid nearly allied to atropia and hyoscyamia. 

Fischer (Med. Ctrlbl. , 1869, No. 27) has not yet detected sepsin in putrefying 
pus. He supposes putrid pus-poisons to be of a peptone-like nature. 

The terms septic and putrid are frequently used synonymously. Their distinction 
is shown especially by the following experiments by Davaine (Bull, de Vacad. de 
med., 1872, No. 31-38). D. determined how large a quantity of putrid, i.e. , simply 
putrefying blood, and how large a quantity of septicsemic blood, i. e.. blood of animals 
infected with sepsis, was necessary to produce death in animals of a certain 
species. The blood was injected subcutaneously into the animals (rabbits and 
guinea-pigs). Of 72 guinea-pigs 25 were killed by 1-10 drops of putrid beef- 
blood, of 11 others none died which received less than A of a drop. Of 48 rabbits 
26 were killed by 1-16 drops ; in 9 others the minimum fatal quantity was t ( ht« of a 
drop. To solve the second question 5 rabbits received 2-15 drops of stinking blood 
from an ox killed 10 days previously (in July), and died after H—26 days. Blood 
taken from their hearts was injected into a second lot of animals, from these again into 
a third, and so on to the twenty-fifth generation. The conclusions were : that blood 
of animals thus septieally infected was absolutely more pernicious than simply putrid 
blood, for it killed without exception in doses in which the latter did not even endan¬ 
ger life, and that it increased in activity by successive infection of consecutive gen¬ 
erations, so that finally quite incredibly small amounts of blood produced death ; in 
the twenty-fourth and twenty-fifth generation it was only one-billionth or one- 
trillionth part of a drop. In regard also to the rapidity of their action putrid 
and septic blood differ: the latter kills in less than 40 hours, the former only after 
days. With neither kind of blood was the occurrence of death in regular proportion 
to the dose employed (contrarily to blood from gangrenous spleen). But similarly 
to the blood of gangrenous spleen septic blood diminished in activity by putrefaction. 


EXPERIMENTAL PYAEMIA. 


590 


Davaine’s experiments upon septicaemia have been partly corroborated, partly not 
{Bull. deVacad. denied ., 1873, No. 3-5). 

The septic substance is not absorbed by healthy granulating wounds, 
just as it is not by the normal skin or mucous membranes. Probably also 
not by the lungs. In favor of this are partly experiments, partly clinical 
observation, partly also the non-volatile character of the substance. What 
provisions prevents putrid infection of creatures by their own intestinal 
contents, we do not know. 

In old cutaneous ulcers, in intestinal ulcers, in bronchial ectasias with intact or 
ulcerated mucous membrane, we very rarely see pyannic phenomena; frequently 
even not when upon these common decomposition of the wound’s secretion takes place. 
But the cases of putrid bronchitis recognized in later years partly belong to this 
class. 

Davaine (1. c.) has answered the question, whether septic poisou also, like the 
poison of gangrene of the spleen, is transferable by the sting of an insect, affirma¬ 
tively. He placed a Hy under a glass globe together with some blood from a rabbit 
which had died from septicaemia. After half an hour he abscised the fly’s sting and 
pushed it through a narrow opening under the skin of a strong rabbit. The animal 
died thirty-five hours later. 

Lister’s treatment of wounds prevents, according to L., the occurrence of putrid 
decomposition in the affected parts, by excluding extraneous agencies which induce 
an abnormal condition of the wound. (S. Schultze, Volkmann's klin. Vortr ., 
1873, No. 52.) ♦ 

Experimental researches relating to pyaemia proper agree much less 
than those in regard to septicaemia. They undoubtedly prove that 
not merely absorption of pus alone produces pyaemia, that even larger 
quantities of pus, directly injected into the veins, are quite inactive, and 
that a specific pus probably induces pyaemia (pyogenic in contra-distinction 
to saprogenic or putrid infection). The main agency is, according to the 
later examinations, bacteria,—globular bacteria. These either act directly 
in an injurious manner, or they generate the noxious substance. Whence 
they originate, whether always only from similarly sick persons, etc., is 
unknown. 

The first hypothesis, to which pyaemia also owes its name, that pus is absorbed in 
substance at the primary wound and carried away with the blood to a point where 
the capillaries are too narrow to allow it to pass (».«., the existence of a real purulent 
metastasis), could never be proven in any of its propositions: particularly because 
until lately no morphological distinctions were known between colorless blood- and 
pus-corpuscles, because the latter are in many parts of the body migrated colorless 
blood-corpuscles, and finally because pus originates demonstrably at the point of so- 
called secondary deposit. Less important is the reason that the means by which pus 
in substance penetrates into the vascular system are unknown to us. First, undoubt¬ 
edly intravasations or perforations of purulent collections through the vessel-walls 
into their lumen occur, as long as this is not obstructed by thrombi or by other 
means. Moreover, we occasionally see a hypopyon, an accumulation of pus in the 
anterior chamber of the eye, as also other quite undoubted pus-accumulations becom¬ 
ing resorbed. Finally, it has been experimentally demonstrated that pus-corpuscles 
can penetrate from the surrounding parts of the veins through their wall into their 
lumen. Recklinghausen exposed a vein, ligated one inch of it, first at the cardiac 
then at the peripheral extremity, dusted carmine into the wound and sewed the skin 
over it. Suppuration occurred around the vein; the newly-formed pus-corpuscles 
absorbed the carmine. The thrombus formed in the ligated portion of the vein con¬ 
tained many pus-corpuscles with carmine. 

On account of the difficulty of explaining the resorption of pus, Piorry propounded 
the opinion that pus originates within the vascular system even in consequence of an 
inflammation of the blood (haemitis). 

That injection of common pus is occasionally without any effect or only acts tern- 
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porarily, that with proper precaution no metastases follow, was already demonstrated 
by the first experiments of d’Arcet, DUPUYTREN, Boyer, GOntiier, Sedtllot, 
by the later ones of Yirciiow, O. Weber, Billroth, and by the latest of Hirscii- 
feld. Only the property of even fresh pus to cause fever (pyrogenic) seems always 
to exist, according to Billroth and Weber, but Hirsciifeld found even this not 
to be constant. 

That bacteria are the most important agents of pyaemia was only definitively as¬ 
certained in the last two years. (See pp. 105 and 10(1.) Excepting a former remark 
of Virciiow and Rindfleisch, Recklinghausen, IIueter, and Klebs were especi¬ 
ally the ones who maintained this. 

Klebs (Corr.-Bl. f. schweiz. Aerzte, 1871, I., No. 9; Beitr. z. 'path. Anat. d. 
Schu88wunden , 1872) gave a more particular description of these conditions, but un¬ 
fortunately without separating septicaemia from pyaemia. According to K., infectious 
diseases of wounds are produced by the microsporon septicum , which occurs as well in 
those forms accompanied by suppuration, so-called pyaemia, as in the purely septic 
forms. These fungous growths locally destroy the tissues, cause suppuration, and 
penetrate into the lymph- and bloodvessels ; they are the cause of secondary foci or 
diffused inflammation. Kl. discovered the microsporon as well in the fluids of the 
wound (healthy and thin pus) as upon the surfaces of tissues (granulations of different 
kinds, joints, serous membranes). The penetration into the bloodvessels takes place 
so that the tissues of the vessel-wall are destroyed from without inward : within the 
vessel coagulation occurs, during the progressive destruction hemorrhages (so called 
septic warning or tertiary bleeding) arise. The penetration of the microsporon into 
the interstices of connective tissue takes place either directly or indirectly, while the 
germs of migrating cells are absorbed. Hereby the permanent connective-tissue cells 
are destroyed, the white blood-corpuscles migrate. Secondary interstitial myositis 
originates similarly. The secondary changes in the organs, especially purulent cen¬ 
tres of the lungs, are also due to the fungi. Most remarkable are the fungus-metas- 
tases, according to Klebs’ description, in the liver, etc. In a case of multiple 
osteo-myelitis, Kl. also detected fungi. In the development of the microsporon sep¬ 
ticum there originates a substance producing fever, diffusing itself through the nutri¬ 
tive fluid; continued fever is only caused by continued introduction of this sub¬ 
stance, with presence of the fungi within the organism. 

At Klebs’ suggestion, Zahn (Z. Lehre v. d. Entz. und Eiterung. Bern., Biss., 1871) 
discovered that the microsporon septicum induces inflammation and suppuration, and 
Tiegel (Ueb. d. fiebererreg. Eigemch. des Microsp. Sept., Bern. Biss., 1871) that it 
possesses properties which induce fever, and that the fever produced by it is identical 
with that generated by sepsin. 

Contrary to Klebs (see p. 105), Wolff (Med. Ctrlbl., 1873, Nos. 8 u. 9) observed 
only graded differences between a filtered solution and the residue containing fungi. 
In numerous subcutaneous injections into guinea-pigs he found that putrid blood in 
its own form acts differently than when filtered, even with the addition of bacteria; 
that therefore the deleterious effect of the former must be due not to the bacteria, 
but to some other morphological or chemical ingredient of the residue. W. did not 
succeed in producing in rabbits and guinea-pigs, by introduction of concentrated 
fluids containing fungi into the air-passages (by tracheotomy or by inhalation), putrid 
changes of the lungs’ parenchyma, diphtheria, or miliary abscesses composed of colonies 
of bacteria. Only pneumonias arose, similar to those which occur at other times in 
such animals, without any demonstrable invasion of bacteria. Wolff (lb ., 1873, 
No. 32), who separates embolic from septic pysemia, discovered that the fluid con¬ 
taining pyannic and septic fungi is much less deleterious than pyaemic and septic 
secretion of wounds, which, injected in the same dose, is almost absolutely fatal. 
W. cannot, from the results of his examinations, ascribe the deleterious action, at 
least not exclusively, to the bacteria in the wound’s secretions. Neither does he. 
acknowledge globular bacteria to be the special cause of pyamiia, or rod-bacteria 
that of septicaemia. 

Hueter had previously ( Berl. klin. Wschr. , 1869, No. 33) maintained that septic 
erysipelas was generated and propagated by the migrations of monads or micro¬ 
cocci in the skin. Later (lb. , 1870, No. 8) H. described diphtheritic myositis, which 
is produced in rabbits by the introduction of croupous membranes, even if these have 
been dried and pulverized. In a later work ( Volkmann's Samml. klin. Vortr., 1871, 
No. 22) H. states that diphtheria and erysipelas of wounds are produced by the 
migration of monads into the living tissues. Furthermore, he originated the term 
diphtheritic phlegmon : i. e. , a rapidly progressing inflammation, which is propagated 
by the migration of the monads, which quickly leads to hyperemia and swelling of 
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the tissues, and which rapidly culminates in formation of a stinking- pus. By this 
aud a later work ( D. Ztschr. f Ghir ., 1872, I., p. 91) H. believes to have demon¬ 
strated that the process of putrefaction of the blood has something peculiar, consist¬ 
ing in the fact that the aerobias (7. e ., monads, whose existence is dependent upon the 
presence of oxygen) develop therein in large numbers and exist for a long period. 
These monads penetrate in large quantities into the living tissues and into the circu¬ 
lation ; they can go thence into the secretions of the body, and in consequence of 
their appearance in large numbers, inflammatory processes of a certain character 
arise. But generators of putrefaction can also penetrate through the vessels’ walls 
into veuous thrombi; which, changed into emboli, get into the lungs and cause 
there also a diphtheritic inflammation. Several days after the injury pus is produced, 
whose putrefaction has the same morphological course as that of the blood: here also 
the aerobise are the predominating generators of putrefaction. 

Vogt (Med. Ctrlbl ., 1872, No. 44) detected in a living pyoemic soon after a metas¬ 
tatic pus-centre appeared in the wrist, in it, migrations of immense quantities of 
monads with vigorous vital movements, while these appeared only singly in the cor¬ 
responding healthy joint, as also in the blood generally. (V. did not see any rod- 
bacteria.) This condition continued during five days until death, and could be seen 
for twenty-four hours post mortem in the same way. 

Hueter first explained erysipelas of wounds as produced by migration of monads. 
Nepveu ( Gas. med. de Par ., 1872, No. 3) detected bacteria in traumatic and spon¬ 
taneous erysipelas. According to Ortii (Arch. f. exp. Path ., 1873, I., p. 81), the 
bacteria of erysipelas are the same as Cohn’s globular bacteria. In inocculated 
animals he also found some of long forms, but these never showed any motion. 

Examinations in regard to the influence of bacteria upon the origin of puerperal 
fever have resulted similarly. The first observations were made by Coze and Feltz 
( Gaz. med. de Strasb., 1869, Nos. 1-4). Waldeyer (Arch. f. Gynak., 1872, III., p. 
293) detected bacteria in the diphtheritic form of puerperal fever, in the diphtheritic 
deposits upon the interior surface of the uterus, in the puriform masses from the 
lymphatic vessels of the uterus and Ugamenta lata , in the peritoneal exudation, etc. 
Everywhere they were contained within the pus-corpuscles. The bacteria were 
globular bacteria, more of an oval shape, 2, 4, 8-10 connected in short chains; 
another time W. saw also rod-bacteria. According to Waldeyer also, the dark 
masses in parametritis diphtheritica (Virchow), as well as the yellow substances, 
believed to be puriform broken-down thrombi in the lymphatic vessels of the uterus, 
are for the greater part composed of bacteria. 

The investigations by Hirsciifeld (Arch. d. Ileilk ., 1873, XIV., p. 193) are the 
more important, as they prove a parallelism between the number of bacteria and the 
clinical picture, and show the marked distinction between pyaemia and septicaemia. 
According to H., the pus-corpuscles of healthy fresh pus are equally large, round, 
with sharp outline, whitish and shining, without visible nucleus; the serum is per¬ 
fectly clear, any solid masses in it are soluble in ether or potassa solution; at the 
most there are some few putrefaction-bacteria (bacteria termo et lineola ) present. 
According to Burdon-Sanderson (1. c.), healthy pus does not occasion cloudiness in 
Pasteur’s fluid (that is no production of bacteria). In pyannio pus the pus-corpuscles 
are of greatly varying volume, with less distinct and regular outlines, frequently as 
though prickly and scolloped; their protoplasm is darker, grayish-black, roughly 
granular, the nuclei are frequently apparent without preparation ; the cells show 
usually extensive formations of vacuoles. The granular appearance is due to globular 
bacteria, which are deposited upon the cells and penetrate into their protoplasm. 
These bacteria (see p. 89) are at first small granules, usually collected in pairs aud 
then measuring two to four mm. ; in the next few' days they form chains of eight 
links; they are immovable; they do not change in ether, potassa solutions, acetic 
acid. In severe cases of pyaemia the globular bacteria of the pus-corpuscles as well 
as those of the liquor puris become constantly more numerous; the latter soon con¬ 
sists almost entirely of them. Then formations of colonies appear; H. never found 
any formation of zoogloae. (Also see Ortii. Arch. d. Ileilk ., 1872, p. 265.) The pus 
also has a peculiar odor. The wound presents a more or less characteristic appear¬ 
ance: the degree of the change is ceteris paribus proportionate to the number of 
globular bacteria. In the same way the severity and rapidity of the course of the 
constitutional affection is in proportion to the number of bacteria which are demon¬ 
strated to be within the blood. In persons who have had limbs recently amputated, 
the appearance of numerous bacteria in the secretion of the wound is usually very 
soon followed by the presence of the like bacteria in the blood. Toward the fatal 
termination H. found that occasionally two to three free (usually only consisting of 
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two links) bacteria to one red blood-corpuscle. In the higher degrees of infection 
the white blood-corpuscles presented the same appearance as the cells of the infected 
pus. Those corpuscles are themselves increased. The red blood-corpuscles present 
no change excepting an incomplete formation of rouleaux. 

The relation of septicaemia to pyaemia II. discovered by subcutaneous injections of 
very minute amounts of pus, usually only one drop. Injection of healthy pus usually 
caused no local and constitutional symptoms, or only slight fever. After injection of 
pus containing various amounts of globular bacteria (usually from pyaemic patients), 
intense irregularly intermittent fever (more than 42° C.) suddenly set in, on the 
seventh to the ninth day; the animals emaciated and died almost without exception 
on the sixteenth to the twenty-fourth day. If the pus was rich in globular bacteria 
in the form of colonies, the severe symptoms appeared on the third, death on the 
seventh day. On dissection extensive suppuration of the cellular tissue was found at 
the point of the injection; within the pus numerous, within the blood usually few 
(more numerous toward the end) globular bacteria. Most frequently, of the inter¬ 
nal organs, the kidneys were diseased (granular degeneration, not rarely with bac¬ 
teria), also the spleen, rarely the liver and lungs. Injection of putrid pus, i.e. 
containing numerous bacteria of putrefaction (bad. ter mo et lineola ), (partly putrid 
secretions of wounds, partly such as had become putrid by being kept a long time) 
gave in the main the same results as observed by other experimenters, lately by 
Bergmann. H. also communicates several experiments which illustrate partly the 
pysemic, partly the putrid action of pus, such as that of injecting a fluid from erysi¬ 
pelas of a wound. 

Hueter (D. Z. f. Cl dr ., 1872, I., p. 91) distinguishes pyaemia from septicaemia, 
but believes the former to originate from monads, the latter from vibrios ; and says 
that he has found a difference in the injection of putrid blood and pus and that of 
other putrid infusions (muscles). II. classifies diphtheritic inflammation with septic 
and pyaemic diseases. Most peculiar is the opinion of Ebebth with respect to the 
latter (Z. K. d. bacterit. Mylcosen , 1872), according to whom the same bacteria not 
only cause pyaemia and septicaemia, but also diphtheria. 
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See also text-books on Physiology and Pathology. 

Fever is that general condition in which the heat of the body is 
increased by the action of some internal cause. Item ark able symptoms 
besides the increased temperature and partly dependent upon it are certain 
nervous phenomena, also changes in the organs of circulation, respiration 
and digestion, as well as in the secretions. 

A. SYMPTOMS OF FEVER. 

Increased temperature of the body is a necessary symptom of 
fever ; where it is absent, fever does not exist. All other symptoms : 
chills, nausea, thirst, dryness of the skin, frequent beating of the heart, cer¬ 
tain changes in the secretions, etc., may be present: if the objectively de¬ 
monstrable heat is wanting, we do not include these conditions among the 
febrile ones. 

Nervous symptoms, as headache, aching pains in the back and spine, disinclina¬ 
tion to exertion, etc., occur frequently enough, without our being allowed to call 
them febrile, and then they are usually not accompanied by increased frequency of 
the pulse. Chills occur frequently without fever. Every severe and sudden cooling 
of the surface of the body produces the symptoms of a chill, which cannot be dis¬ 
tinguished from a fever-chill by mere observation. The best example of this is pre¬ 
sented by those who attempt to drown themselves in a cold season and therefore remain 
for a while in cold water ; they shiver with cold, even in bed, long after removal from 
the water. If a thermometer be applied, it shows neither during the chills nor 
afterward any increase in temperature. Furthermore, hysterical and epileptic peo- 
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pie often have slight attacks, without loss of consciousness, which, if they are accom¬ 
panied by movements up and down of the lower jaw, are especially, as cyanosis of the 
face is always present, deceptively like chills, but not accompanied by increase of 
temperature. Further observation of their course prove that they are not febrile. 

The importance of the state of body-heat in disease was perfectly appreciated 
even in ancient times. The majority of authors accepted heat as the pathognomonic 
symptom of fever, whose Greek as well as Latin designations wuperiis —febris, 

originally ferbris, from ferveo) direct to the increased temperature as the most impor¬ 
tant symptom. But only in modern times, after the invention of the thermometer, 
did it become possible to state the deviations of temperature by measurement, and to 
admit of their intelligent observation. 

After Sanctortus, the inventor of the thermometer (1638), Boeriiaave made 
the first measurements of the temperature of the sick. He says : “ Calor febrilis 
thermoscopio externus, sensu mgri et rubore urime internus cognoscitur. ’ ’ Van Swie- 
TEN gives further information in regard to this matter in his commentaries to Boer- 
haave. Another pupil of Boeriiaave, de Haen in Vienna, continued the measure¬ 
ments of temperature methodically, and first published numbers in his Ratio medendi. 
De IIaen discovered already in 1760, that in the chill of fever the temperature of 
the body is increased by several degrees. In 1797 Currie’s studies were published, 
but they did not receive due consideration by his contemporaries. The inlluence of 
the nervous system upon the production of animal heat was defended 1811 by Bro- 
DIE; opposed to him was, among others, JonN Davy, 1814. In 1821 Hueeland 
directed some experiments upon animal heat. Worthy of consideration are the in¬ 
vestigations by BRESCHET and BECQUEREL on the heat of the different parts of the 
body, which appeared in 1835, as also later explorations by Davy (1839; and those by 
Mayeii (1842). These were followed by more important works: 1841, ANDR.E ; 1842, 
Gierse; 1843, Ciiossat; 1844, Hallmann and Roger. In 1846 Zimmermann began 
his investigations, and he pushed with untiring energy the application of thermome¬ 
try at the bedside. In 1850 the influential publications of Traube appeared; in 
1851 the classical work, by von Barensprung. From these years also date the regu¬ 
lar aud consequentially prosecuted investigations on the pathological conditions of 
temperature in the Leipzig Clinic : by Wunderlich and his pupils. W. later has 
the credit of having untiringly pointed out the great practical value of thermometry, 
and of having thereby induced many to become advocates of this method. Since 
1860 the explanation of the conditions of febrile temperatures has been especially 
sought for by observation and experiment. * 

Most frequently in modem times observations of temperature in patients 
have been made in the axilla and rectum; now and then the vagina has 
been used, especially in obstetrical clinics and in cholera, as also the exter¬ 
nal auditory canal in those mentally diseased. The rectum and vagina 
have the advantage over the axilla of being always perfectly equally warm, 
so that in them the thermometer attains its maximum degree after about 
five minutes. But the skin of the axilla is under ordinary circumstances 
more or less cooled, and must therefore be thoroughly warmed to the same 
degree as the internal parts in the neighborhood, before the measurement 
can be completed. This equal warmth is attained by closure of the axilla, 
i.e ., by air-tight pressure of the upper arm upon the chest, whereby it 
becomes so to speak an internal part of the body. The time necessary to 
do this of course varies; on the average 10-15 minutes. In feverish con¬ 
ditions, especially at the time of the so-called fever-heat, the equable warm¬ 
ing of the axilla requires a shorter time than in normal temperature, and 
especially than in a state of collapse. On account of the necessity of clos¬ 
ing and thus warming the axilla equally for the purpose of taking the tem¬ 
perature the time required is considerably longer than if the rectum is 


* It may not be improper to record in this place that in America the thermometer 
was first used in a systematic way in the New York Hospital, during the winter of 
1865-6, by Dr. W. H. Draper and the Editor. Also that, subsequently, the spread of 
thermometry has been largely due to the writings and personal efforts of Dr. Edward 
Seguin, of New York.—[E d.] 
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used. For the same reason it is not possible, by warming the thermometer 
(to any degree) before placing it into the axilla, to attain an accurate result 
any sooner than otherwise. 

If peculiarity in the course of the disease does not require certain hours, 
it is best to institute the measurements in the morning between 7-9 o’clock 
and in the afternoon between 4-G o’clock ; that is, twice a day. Two obser¬ 
vations are sufficient in most cases ; the above-mentioned hours are advisa¬ 
ble, because the temperature in febrile diseases is usually lowest at about 
the first-mentioned time, and highest at the last-mentioned. 

The measurement had best be taken by the attending physician himself or by a 
trustworthy medical assistant; this ought unquestionably be done, if the results of 
the observations are to be of scientific application. But if the case be only of practi¬ 
cal interest for the physician, an experienced and trustworthy layman may be sub¬ 
stituted, as long as the later is controlled and corrected by the physician if the state¬ 
ments appear remarkable or not consistent with the observation of the physician. 
For certain purposes (the temperature during agony), and if the reading of the ther¬ 
mometer is not to be entrusted to the patient himself, self-registering thermometers 
are used. In these the uppermost part (measuriug 1 cent.) of the mercurial column 
is separated by an air-buble, and remains stationary when the lower part of the 
column descends after removal of the instrument. 

A knowledge of the condition of the heat of the healthy body is the basis 
for every judgment of the results of thennometry in the sick. But it is im¬ 
possible to maintain positively for certain degrees and under certain circum¬ 
stances, whether they belong in the range of physiology or pathology; the 
limits of both upon thermoinetrical grounds cannot be sharply defined. But 
it is near the truth, especially by reason of numerous observations upon cured 
patients or those nearly well toward the end of their convalescence, if 
we accept as the lowest limit of the normal temperature within the axilla 
of adults 36.2°-36.3° C.; as highest limit, 37.5° C. Rectum and vagina 
are about one-half a degree warmer, their limits therefore 3G.8°-38.0° U. 
All temperatures which pass these limits are at the least suspicious, and 
dare only be declared normal under particular circumstances and influ¬ 
ences. If now the body-heat of man is believed to be the result of con¬ 
tinual productions and losses of varying magnitude, it must appear very 
singular that with doubtless numerous and changeable processes the tem¬ 
perature of the healthy body is almost at a constant height, and that it 
fluctuates only almost within the limits of a single degree. 

Mammalia and birds also possess an almost constant temperature, i.e ., their animal 
heat is more or less independent of the warmth of the medium in which they exist; 
while in other (cold-blooded) animals it is considerably influenced by the tempera¬ 
ture of the medium : still the constancy of the temperature of man is, though not 
absolute, particularly great, and the variations occunring in a healthy condition are 
under all circumstances only moderate. 

Not all parts of the same body have at the same time exactly the same 
temperature, as there are influences bearing upon local temperature in a 
positive or negative way : the amount of heat carried by the blood, and by 
direct conduction to the tissues, the heat produced locally, lastly local loss 
of heat, are not uniform in different parts of the body. Thus it is that 
particularly the blood of the upper extremities, at least that of the peri¬ 
pheral cutaneous veins, is, in consequence of the large amount of peri¬ 
pheral abstraction of heat, considerably cooler than the blood of better 
protected parts, e.g ., the rectum and vagina, and this may already explain 
the difference of temperature in these parts and in the closed axilla. 
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Still more considerable are the differences in temperature between these cavities and 
the really peripheral parts, e.g ., the fingers, toes, ears, nose, etc., whose temperature 
because of moderate local production is decidedly influenced by the amount of loss of 
heat. The amount of that difference can only be determined with great accuracy 
by thermo-electrical means. The internal parts of the body are the warmest, partly 
because they are best protected from loss of heat, partly because the change of tis¬ 
sues and thereby the generation of heat is more rapid in them than in the periphery, 
excepting the moderately warm muscles (Jacobson found only a difference of 0.5°- 
1.8° C. between them and the very warm liver: vide infra). Jacobson and Bern¬ 
hardt (Med. CtrLU., 1808, p. 643) found by thermo-electrical means almost always 
the blood of the left heart warmer than that of the right, the difference amounting to 
0.12 -0.42 C. Heidknhain and KftRNER (Arch. f. d. g. Phys. , IV., p. 558) main¬ 
tain, as did also previous observers (G. v. Liebig, Cl. Bernard) the contrary ; II. 
considers as the cause of the higher temperature in the right ventricle, the fact that 
warmth is brought to its walls from the abdominal cavity. The temperature-meas¬ 
urements in both ventricles do not show figures for the temperature of arterial and 
mixed venous blood, but values, which are composed of the temperature of the 
blood and of the walls of the ventricles. This is proven by the fact, that by stopping 
the absorption of heat, or by its abstraction from that part, the difference of tem¬ 
perature between the ventricles is diminished, is made to cease, or is even reversed ; 
while increased absorption of heat makes it still greater. This circumstance speaks 
also particularly for the importance of the direct conduction of heat from layer to 
layer, in opposition to the equalization of the temperatures of the different parts of 
the body by means of the circulation. Jacobson and Bernhardt found the pleural 
cavity constantly 0.2°-0.5° C., the liver only at the most 0.06°-0.1° C., colder than 
the left heart. The blood from the vena cava inferior is, probably mainly through 
the influx of blood from the hepatic veins, warmer than that of the vena cava superior ; 
the difference of temperature between liver and rectum amounts according to J. 

( Virch. Arch ., LI., p. 275), to 0.5 -1.0° C. in favor of the former. The temperature 
of the brain, according to Mendel (Virch. Arch., L., p 12) and (previously to him) 
Fick, is several tenths of degrees (0.4°-0.7°-1.0 J C.) colder than that of the rectum. 


Healthy people do not maintain under different conditions the same 
degree of temperature. If, according to numerous observations, differences 
appear in different persons of the same age and sex, they are still more con¬ 
siderable in persons of different ages. The unborn child is a very little 
warmer than the vagina and uterus of the mother; this difference proves 
that the child possesses its own sources of heat. At birth, infants show in 
the rectum a temperature of 37.75° C. on the average; of 37 newly born 
26 had more than 37.5° C. and only 1 less than 36.75° C. Directly after 
birth, and particularly after the first bath, children lose on the average 
0.7°-0.S° 0. ; they show on the average 37.0° C. Of 22 children only 3 
retained more than 37.5° C., and 8 fell below 36.75° C. In the next few 
days the rectal temperature again rises; it attains on the average to 37.6° O. 
This height seems to be retained more or less throughout infancy, the daily 
variations and the influence exerted by extraneous conditions being con¬ 
siderable, while both decrease toward puberty. Toward and during 
puberty the animal heat is about 0.1° to 0.2° C. less than in early infancy. 
Healthy adults have the same temperature. Only in the later years of life 
a minute increase in the average of the temperature occurs, so that senile 
persons are in this respect like older children. 

As regards sex, there is no notable difference of body-heat in individuals 
of the same age. 

Greater deviations of temperature are shown by the same individuals at 
different times of the day. In general the following may be acepted as 
constant, although several observations seem to contradict it. The lowest 
temperature (about 36.5° C. in the axilla) is observed in the healthy in the 
middle of night, about 1 or 2 o’clock, and remains for a short period or for 
many hours. After awaking or in early morning generally, i.e., before first 
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partaking of nourishment, the temperature has frequently already increased 
by several tenths of degrees, and continues to rise until the hours of fore¬ 
noon. Then as a rule a slight decrease occurs before midday, but soon after, 
in the afternoon hours, there is a further rising to the maximum of the day 
(about 37.5° C. in the axilla), if a considerable temperature has not been 
already attained during the forenoon. Close to this maximum, which is 
usually attained in the fifth hour p.m., the temperature remains for a variably 
long time, so that it afterwards sinks quite slowly; in the later hours of 
evening this sinking continues usually with greater rapidity until the mini¬ 
mum of the night is reached. The magnitude of this daily fluctuation of the 
animal heat, its highest and lowest limits, the time of maximum and of 
minimum, the height and time of occurrence as well as the duration of the 
occasional forenoon maximum, the rapidity and amount of the daily increase 
and decrease of the temperature, and the proportionate average temperature 
are different for unknown reasons in some individuals, even if they are in 
absolutely the same extraneous circumstances. 

These individual differences may partly depend upon different susceptibility to those 
influences which act in the course of daily life, among which those of work and 
nourishment are especially to be considered. But certainly the whole daily fluctuation 
cannot be explained by them : for persons who eat nothing and are inactive during 
the whole day also present similar fluctuations of temperature. At present it must 
therefore be accepted as a peculiarity of the organism, not yet understood in its true 
character. An opinion has meanwhile been given in opposition to the other. Accord¬ 
ing to a preliminary statement by Krieqer ( Z.fiir . Biol., V., p. 470), the typical 
course of body-heat is only dependent upon the individual mode of living; it is 
reversed, “ as soon as we sleep by day, wake, eat, drink, and work by night.” 

All muscular activity increases the temperature. This can already be 
proven by the muscular force which we expend in order to maintain an 
erect or sitting posture. Shortly after a reclining position has been taken, 
the temperature in the axilla begins to fall, and often sinks several tenths 
of degrees (quite an amount, if we take into account the narrow limit of 
the daily fluctuation), again to rise after re-assuming the erect posture. 
Fatiguing marches are capable of producing a further increase of body-heat, 
in the rectum of one half degree and more. At night all muscular activ¬ 
ity usually ceases, and on that account perhaps the temperature might be 
lower at this time than during the day; whether sleep as such has an 
extra-depressing influence, is not proven, though it is very probable. 

The influence of mental activity upon the body-lieat, though undoubted, 
is very much less than that of bodily exertions. 

Of physiological processes, menstruation, pregnancy and parturition also 
occasionally exert an influence upon the body-lieat. Menstruation has the 
least effect; rarely, without other diseased conditions, causing a febrile tem¬ 
perature. In the last two months of pregnancy the vaginal temperature 
is increased by several tenths of degrees: in the morning 37.9°-38.35° 
C.; in the evening 38.1°-38.65° C. The pregnant uterus is on the 
average 0.15° 0. warmer than the vagina, undoubtedly in consequence of 
the animal heat of the foetus. During labor there is an increase of several 
tenths of degrees, in such a way that during the pains and immediately 
after them the temperature rises somewhat, but in the interval between the 
pains it again sinks. The daily fluctuation of the healthy state is at the 
same time not much altered. Immediately after giving birth a decrease of 
temperature frequently seems to take place, but it is soon after and during 
the course of the parturian month frequently slightly increased. Even if 
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the temperature be at first perfectly normal some puerperal disease may 
still occur at a later period. 

Animals and human beings become heated during coition. The maximum of this 
heat does not exceed 2° C. ; this increase in temperature is not in consequence of 
movements ; it is present in both sexes. It is the best explanation for the fatiguing 
effect of coitus, for the consequently occurring hunger, etc. (Waltiier Med. Cen¬ 
trum., 1864, No. 51.) 

The influence of external cold and warmth upon bodily heat in the 
healthy presents very complicated conditions. First, almost never does either 
act alone upon the organism, but they are combined with some not indifferent 
medium. In cold and hot baths, the effects of the water ; in cold and warm 
air, its degree of dampness, its movements, and its degree of pressure; in 
drinks, besides the water, the other ingredients of these fluids must be con¬ 
sidered; and it is not always possible to calculate accurately how much of 
the effect is due to thermic influences and how much to these incidental 
influences. The most important facts are the following : Moderate action 
of cold upon the surface of the body increases the temperature of the inter¬ 
nal parts. So the thermometer, retained in the closed axilla, rises a very 
little during undressing in a cold room, also on application of a cool full, 
half, or sitting bath, if continued for a short time. Application of longer 
duration of moderate, but especially of intense cold, decreases the body-heat 
decidedly. Warm baths, being in warm air, increase the temperature, 
though only moderately. So does living in a warm climate. Cold drinks, 
in sufficient quantity, diminish the body-heat, and this can be reduced about 
one degree by partaking abundantly of cold water. 

The kind and quantity of nourishment have only a very limited influence 
upon the body-heat, as long as the individual is healthy. Without doubt 
any increase in the production of heat induced by it is instantly compen¬ 
sated by increased radiation of heat, and so the equilibrium is not disturbed. 
A meal, especially the first in the day, appears to increase the body-heat 
considerably more than the others taken in the course of the day; a late 
supper also appears to be able to defer somewhat the fall of temperature. 
Deprivation of nourishment only influences the temperature if health begins 
to suffer in consequence. Ingestion of alcohol, according to numerous ob¬ 
servations, reduces the temperature; strong coffee and tea increases it. 

Large losses of blood are usually followed by a decrease of temperature, 
of short duration, but which is soon compensated by a new increase. After 
venesection this new increase is said to exceed the previous temperature. 

All fluctuations in the degree of body-heat in the healthy are, according 
to what has been adduced above, almost insignificant, and certainly only 
temporary ; after every deviation upward or downward an 611011; is made in 
the reversed direction. Every accidental interruption in the order of 
things is instantly equalized in the healthy. 

The exceeding importance of temperature-measurements to pathology is 
indicated in the law, that: every one is si('K whose temperature is not 

WITHIN THE LIMITS OF HEALTH, EVEN IF HE SHOULD FEEL SUBJECTIVELY WELL 
and HEALTHY. But a normal temperature may exist even in disease. 

According to this, it can be proven by a single measurement whether a 
person is sick. But not only this: a single measurement frequently gives 
important indication for the diagnosis and prognosis of the case. But the 
latter is only made possible by a thorough acquaintance with the laws of the 
course of temperature in various diseases, as taught by special pathology. 
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But much more complete is the insight into the conditions of a case we 
gain by regularly repeated measurements. It is most useful to make two 
observations a day, morning and evening, at about the same hour. More 
frequently repeated observations will give a truer and more comprehensive 
representation of the disease, and thereby aid the judgment in regard to 
some occurrences. For the state of the temperature is undoubtedly in many 
acute diseases the truest reflection of the general disorder of the organism. 
Moreover, many local disorders can be recognized by the condition of the 
temperature, and many complications and modifications of the usual condi¬ 
tion can only be demonstrated by the abnormal state of the body-heat, or at 
least first detected through it. In the same way the condition of the tem¬ 
perature frequently makes it possible to judge of the intensity, and thereby 
of the prognosis of a case, inasmuch as the latter is often dependent upon 
the intensity of the fever: for by unusual height of fever and its continued 
duration alone, death can be produced. 

The state of temperature is most practically recorded by marking with dots the 
different observations upon a chart divided into absciss* and ordinatae, and uniting 
these dots by lines, a curve, the temperature or fever-curve, is produced. By 
means of this simple mode of representation it is exceedingly easy to keep in mind 
the different observations : by a single glance at this curve it is frequently possible 
to form a diagnosis of the case, to see the necessity of employing other methods of 
examination, to recognize the stage of the disease, and to predict the fatal termina¬ 
tion. 

As in all conditions, so also do we find in thermometry a gradual transi¬ 
tion from health to disease: a sharply defined limit, a certain temperature 
as limit for both cannot be stated, neither as a principle nor in a given 
case. Between the undoubtedly normal and undoubtedly morbid figui’es 
there are only a few tenths of a degree downward, but particularly upward, 
of neutral ground. 

In many diseased conditions the anomaly of body-heat exists in nothing 
but in a greater fluctuation of the temperature. Moderate influences pro¬ 
duce more readily and more considerable deviations from the normal heat, 
the daily fluctuations are of larger range, the daily maximum is somewhat 
higher, the daily minimum somewhat lower, slight accidental disturbances 
of the general health induce unusual increase or decrease, though of short 
duration ; in short, the regular temperature-curve of the healthy, which is 
the same day by day, is changed either permanently or at least, on more or 
less numerous days, in greater or smaller degree. The conditions in which 
this state of the body-heat is present, occur very frequently. They are not 
only decided slight acute and chronic diseases, but also frequently only a 
certain feeling of ill-health, irritability, continued fatigue, disordered diges¬ 
tion, etc. 

Very frequently in disease the animal heat is at all times, or at least in 
the evenings, moderately increased, more rarely decreased, particularly in 
the morning. Some more considerable increases or decreases may occur 
during this time. This condition is present in slight acute or chronic dis¬ 
orders, and especially in convalescence; the temperature is frequently de¬ 
creased in certain forms of insanity. 

Some characteristic forms of abnormal temperature are insensibly added 
to these deviations, without the general condition being sufficiently well- 
marked by the state of the temperature. Only an essential and very char¬ 
acteristic as well as practically important peculiarity of the abnormal con¬ 
dition of the constitution, is thus expressed by the temperature. 

3 ( J 
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In a chill the warmth of the body is usually considerably increased; it 
amounts, as a rule, to 40° 0. and more. But the skin of the parts of the 
extremities distant from the trunk (hands and forearms, feet and calves), as 
also a part of the face (nose, chin, ears, forehead), presents, as a rule, a 
more or less considerable decrease of temperature. A subjective, very 
severe feeling of cold is experienced. Combiued with this are usually 
pallor of the skin, with cyanotic discoloration of the nails and other parts, 
automatic and convulsive movements (yawning, chattering of the teeth, 
trembling), and severe nausea with thirst, headache, vomiting, etc. Asa 
rule, the chill occurs in the beginning of a febrile disease, or of an attack 
of fever, after it has been preceded about one-half to two hours by a gra¬ 
dual slow increase of the temperature of the trunk (at times very slight, at 
others more considerable), occasionally also by the increase of a subnormal 
temperature to the normal line or above it. The chill lasts, as a rule, only 
for a short time, about one-half to two hours, and during it the temperature 
of the trunk usually rises very considerably. Gradually the chill subsides, 
and disappears with occasional recurrence of short duration, especially after 
exposure, while the feeling of warmth extends to the peripheral parts which 
were more or less cold since the beginning of the chill, or even since the 
first increase of temperature. The animal heat attains its maximum occa¬ 
sionally at the termination of the chill, more frequently in the subsequent 
stage of heat. Its further course depends upon the disturbances which 
caused the chill; and it is worth mentioning that the sensation of cold, as 
well as the other symptoms of chill, are regularly entirely absent, notwith¬ 
standing a perhaps considerable and rapid decrease of temperature consecu¬ 
tive to the chill, even if it falls beneath the normal. 

But all the subjective and most of the objective symptoms of a chill may occur 
without any rise of temperature, e.g., after severe irritation of sensitive nerves, after 
immediate introduction of toxic substances into the circulation (nervous chills) ; on 
the other hand, the temperature may under the same circumstances, which are 
usually present in a chill, rapidly rise, without a trace of chilly feeling appearing : 
rises of temperature, especially rapid oues, and symptoms of chill are therefore fre¬ 
quently, but not necessarily combined. 

Attacks of chills occasionally occur with a falling temperature, e.g., dur¬ 
ing large haemorrhages (chills of collapse); occasionally with very greatly 
increased temperature, without coolness of the peripheral parts and without 
any other known cause (e.g., in pyannia). On the other hand, coolness of 
the periphery exists frequently without chilliness, even with increased or 
increasing temperature of the trunk. All this tends to show that the chill 
is a symptom-group, whose several parts: deviation of temperature, abnor¬ 
mal sensations, and other objective symptoms, do not necessarily depend one 
upon the other. 

Fever-heat depends upon increased animal heat of the body without the 
group of other subjective and functional phenomena, which characterize a 
chill. It may follow this, but can also arise directly from the normal tem¬ 
perature without any sign of a chill. Its intensity varies considerably. 
Occasionally only the increased temperature appears to be present; but 
most frequently other symptoms occur with it. Most remarkable are the 
changes in the pulse, in the secretion of urine, in respiration ; the sensation 
of subjective heat, thirst, debility, discomfort; furthermore, functional dis¬ 
orders of different kinds without organic diseases: want of appetite, disor¬ 
dered digestion, restless sleep, fatigue, weakened psychical activity, increased 
irritability and sensitiveness: lastly, consumption of the tissues and de- 
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crease in the weight of the body. But the increased temperature and tho 
degree of its increase are not in constant relation with any of the symp¬ 
toms enumerated, although in some cases of disease its influence is unmis¬ 
takable, even preponderating. On account of the incongruity of the tem¬ 
perature and the other disturbances, it must not be supposed that the tem¬ 
perature is not a criterion for judging of the constitutional state, and that its 
observation is unnecessary; for experience teaches that it gives a truer 
insight into the course of disease than any other symptom of fever, yes, 
even than all other symptoms combined. The distribution of fever-lieat 
over the different parts of the body is frequently not uniform, inasmuch as 
the face, head, hands, are occasionally especially hot, occasionally cooler. 
There is, therefore, frequently a contrast between the temperature of the 
trunk and that of the periphery. 

Collapse is, as also frequently the chill, an accidental, more or less 
isolated condition, occurring in the course of the disease and modifying it 
in important points, and which, if of a certain intensity, attracts all atten¬ 
tion for a time, and causes the main disorder to be overlooked for a while. 
Like chill and fever-heat it is a constitutional disorder, characterized by a 
disturbance of temperature, in important points the reverse of the latter, 
resembling the former, especially in regard to local cold, at least in peri¬ 
pheral parts. It is always, even if comparatively much proti-acted, of 
short duration; but it exceeds, if at all well marked, the duration of com¬ 
mon chills. Its intensity is very variable. In the slightest degrees the 
patient makes no complaint; all objective symptoms, especially fever or a 
condition without fever, continue the same, but nose, cheeks, forehead, ears, 
hands, feet are frequently, without being noticed by the patient or without 
causing him to feel any worse, cold without extraneous influence of cold. 
From these slightest degrees the collapse passes, by hardly noticeable de¬ 
grees, to the most intense form, in which the patient lies pale, motionless, 
and almost without any signs of life, similar to a corpse, icy cold over 
almost the whole body, with hardly perceptible pulse, hardly noticeable 
respiration; the skin, devoid of turgor, is usually covered with abundant 
cold perspiration. Disagreeable sensations, a feeling of the greatest weak¬ 
ness, disfigured features, sunken eyes, oppression, dizziness, fear, nausea, 
confused perceptions of the senses, accompany occasionally even the lower, 
most frequently the higher degree of collapse in a more or less well-marked 
manner. The most important change of temperature in the symptom- 
group of collapse is the local decrease of animal heat, especially at the 
periphery. The temperature of the internal organs may be various: it may 
be normal, decreased to the lowest, but also increased to the highest degrees. 
During the development of the collapse the body-heat may be in a decided 
state of decrease or of increase, and may pi'esent any condition during its 
duration independently of the condition at the commencement of the col¬ 
lapse, especially near the lethal termination, which frequently occurs during 
its course if it is of excessive degree. Notwithstanding this apparent dis¬ 
order and irregularity, certain conditions are present to which the collapse 
can be ascribed: abundant loss of heat and feebleness of the circulation, in 
consequence of which the peripheral losses of heat cannot be sufficiently 
replaced. Both conditions may become active with the various conditions 
of warmth in the internal parts, and still have the same effect: cooling of 
the periphery of the body. We accordingly distinguish collapse with high 
from that with low degree of body-heat. 


The former is observed especially in the most intense cases of severe febrile affections, 
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chronic as well as more particularly acute, because the heart’s activity is most weak¬ 
ened by the unusual increase of animal heat; it therefore frequently introduces the 
agony." Collapse with low degrees of body-heat is also frequently a collapse of agony, 
as toward death the production of heat is frequently (especially in chronic diseases) 
reduced to a minimum. Besides these we must also distinguish: collapse of the 
definitive defervescence at the close of the febrile period of acute diseases; the remis¬ 
sion-collapse in the remittent fever of severe acute, still more frequently chronic dis¬ 
eases, which frequently recurs regularly, and then is usually of short duration; the 
collapse in intermittent forms of fever, which may follow the chill, or the fever-stage, 
or the stage of the subsiding fever in pernicious cases; finally, the incidence-collapse 
occurring accidentally in any stage of disease. Collapses occur in persons apparently 
perfectly healthy, as also in those already diseased, particularly the seriously diseased 
and considerably weakened by disease, especially in sensitive originally feeble per¬ 
sons, as women, children, aged persons, anaemic individuals, drunkards. Their occa¬ 
sional causes are : over-exertion of physical as well as mental form, e:g., sudden 
emotional shocks, severe diarrhoeas, eating large quantities of indigestible food, severe 
vomiting, profound narcosis, intense pains, even sitting in bed, or a normal passage 
from the bowels ; certain diseased conditions, as perforation of pleura and peritoneum, 
intoxications and infections, especially cholera; lastly, considerable natural or arti¬ 
ficial losses of blood. The body-heat falls in these collapses almost regularly, fre¬ 
quently in a very dangerous degree; not rarely they induce unexpected and rapid 
appearance of agony. Their duration in convalescents is very various : occasionally 
very short, minutes or a few hours, occasionally they last one or even several days. 

Of the seveual points which are of importance in regard to the 
condition of body-heat in disease, the following need mentioning: local 
deviations of temperature, the possible maximum and minimum degrees, the 
height of the fever and the temperature-values in general in their different 
relations, the daily fluctuations, the types of fever; lastly, the general course 
of the temperature in febrile diseases. 

The deviations from the normal temperature in the sick are partly local 
and restricted to some portions of the body, partly general and more or 
less equally distributed over the entire body. This statement is not per¬ 
fectly true, inasmuch as in evidently general anomalies more moderate local 
excesses are frequent, and with sufficiently large local deviation the gen¬ 
eral temperature also shows fluctuations; still it can be retained as useful in 
practice. 

An abnormally increased local temperature lias been observed, 
especially in inflammations and in paralyses. As a rule, measurements of 
inflamed parts, which have been mainly taken in wounds, show a lower tem¬ 
perature than the rectum or the axilla ; still some exceptions are adduced, to 
the disadvantage of at least the latter. But distinct differences were shown 
between the figures thus obtained and the temperature of the corresponding 
parts of the other half of the body, or of the same parts in a healthy condi¬ 
tion. In paralyses, especially hemiplegia, the palsied limbs are usually at 
first somewhat warmer, rarely are both sides equal, almost never is the 
healthy one warmer. Cure of the paralysis brings back the thermometric 
equilibrium, development of paralytic atrophy causes a lower temperature 
than that of the healthy side. One-sided increase also occurs in hysterical 
persons. Partial decrease of body-heat frequently exists in mortified, 
cedematous, palsied parts of the body. 

M. Huppert {Arch. d. Tleilk ., 1873, XIV., p. 73) proved by careful examinations 
the influence of the condition of inflammation after an operation for hydrocele upon 
both local and general temperatures. 

By far the most important are the deviations OF THE GENERAL tempera¬ 
ture IN DISEASE. 
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The possible minimum of animal heat in a sick person as well as the 
possible maximum cannot be positively stated, and is certainly very 
different in each individual. 

The maximum found in a living person (case of tetanus during the agony) 
was 44.75° C. in the axilla ; an increase above 42° in convalescents is very 
rare, oidy few examples are recorded in literature.* Errors of observation 
most easily occur with low degrees ; and those parts permitting the measure¬ 
ment, even if well protected, cannot in unusually low degi*ees of heat be 
taken as an index of the temperature of the internal organs. The lowest 
values, to about 25° C., have been observed near death (Imt yet even 
several days before the end), certainly under partly quite abnormal ex¬ 
ternal circumstances, in the insane, who seem to have a greater tendency 
to low temperatures than those mentally healthy. In the latter a fall to 
about 33° C. in the axilla occurs exceedingly rarely. 

I 

Peter (Gaz . hebd. , 1872, No. 4 et 6) observed in a woman 38 years of age, who 
had spent a winter night insensible and drunk in the open air, 20° G. in the vagina. 
She recovered, the temperature rising within six hours 10.3°. Bourneville {Le 
Mouv. rned., 1872, No. 9) found in a man 45 years old, who had been exposed naked 
to the cold, 27.4° C.; death occurred after 9 hours with 39.2° C. He also observed in 
uraemia before death a decrease to 28.1° C. Lowenhakdt (Allg. Z. f. Psych., XXV., 
p. (585) found in the insane, who lost more warmth on account of their condition 
(uncleanliness, tendency to exposure), during the latter period of life very low degrees, 
fluctuations for days between 25° and 31° C., at death a fall to 23.75° C. 

The simplest division of grades of temperature which come under obser¬ 
vation in the sick, is into normal, sub-normal, and into super-normal or 

FEBRILE. 

Normal grades occur in many, especially patients having chronic dis¬ 
eases, and in them the temperature may, as it fluctuates between the normal 
limits, present sometimes the same course as in the healthy, sometimes 
remain nearer to the higher or lower limit, sometimes show an irregu¬ 
lar condition. At any rate, the tendency to excessive temperature which 
characterizes the sick, exists here also. 

Sub-normal temperatures appear exceptionally during a longer period 
usually only at the time of the subsidence of fever, as excessive temperature 
decreases, or in the agony ; also under particular influences, e.g., bleeding, 
collapse-conditions. It is well to distinguish sub-normal values (about 35° (J. 
for the axilla-measurements) in the milder states, and collapse-temperatures 
(under 35° C.) in conditions of collapse. 

By far most frequently super-normal values exist in the sick. It is best to 
term axilla-temperatures up to 38.0° C. as high-normal; from 38.1°-38.5° 
C. as non-febrile ; from 38.(3 °-39.0° C. as slightly febrile; from 39°- 
40° C. as febrile; over 40° C. as high-febrile; over 41° to 41.5° C. as 
hyperpyretic. (The values for the rectum and vagina are, as before men¬ 
tioned, about half a degree higher.) 

Temperatures under 38.1° C. are to be designated as high-normal or non- 
febrile, because they frequently occur in decidedly non-feverisli patients. 
Even healthy persons with greater sensitiveness to external influences, 
especially children, and therefore also convalescents, show such an increase 
of temperature, e.g., not rarely after an abundant meal, after unusual mug- 

* A truly extraordinary case of recovery after much higher temperature than ever 
before observed is related at length in the London Lancet, March (5, 1875, by Mr. 
Teale. In this patient injury to the spine caused hyperpyrexia, lasting many 
weeks, the maximum being 50 ' C. For further details see Seguin, On Thermometry , 
N. Y., 1870, p. 220.— [Ed. J 
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cular exertion; but it arises with more difficulty, the stronger and the more 
capable of resistance the organism is, the more firmly health has been re-es¬ 
tablished. In the sick it depends upon co-existing circumstances whether 
the existence of fever is to be accepted or not. We would decide for the 
slightest degree of fever sooner, if the suspicious high-normal value is observed 
in the morning, before any food has been taken, after a long rest in bed, 
than if it occur under the reverse circumstances. 

All axillary temperatures above 88.0° C. are at the least suspicious, and a few 
tenths more prove with certainty that a slight fever exists. To establish whether in 
a certain case moderate, considerable or intense fever exists, it is necessary to note 
particularly the hour of the observation. I5y equal temperatures the various figures 
are the more important, and speak the more for a considerable intensity of the fever, 
the earlier they are observed in the morning, i. e. , at a time when a subsidence of the 
fever usually occurs. Slight maladies are generally characterized by slightly febrile 
and febrile temperature-values, the latter at least in the hours of evening, while the 
curves of severe cases and of serious diseases generally show these degrees of heat, 
even at the time of subsidence of fever; and give, besides, especially in the evening, 
the high-febrile values. In a very severe fever the morning temperatures also are 
high-febrile. 

Hypekpyretic temperatures are such as considerably exceed even the 
high-febrile, and which are by no means to be merely viewed as an expres¬ 
sion of a very intense fever. Their cause is undoubtedly in other cir¬ 
cumstances ; they mainly depend either upon infecting influences, or are 
a symptom of beginning and rapidly progressing general paralysis. In the 
latter case, they occasionally occur at the termination of diseases in whose 
course the febrile element was absent or only slightly developed, in the 
form of a very intense increase of short duration. 

Undoubtedly dependent upon the specific influence of infection are the hyperpvretic 
temperatures, or such extraordinarily high ones bordering on them (41 °-42°C. and more), 
very commonly observed in paroxysms of malarial forms, frequently in the course of 
relapsing fever. If such extreme values in these diseases do not predict danger, or at 
least no especial danger, this is not the case if they occur in other diseases, as typhoid 
fever, scarlatina, measles, small-pox, pneumonia, puerperal fever, pyaemia, malignant 
rheumatism, meningitis of the convexity, etc., for here they frequently precede the 
period which terminates in agony. If in these cases the temperature rises to 41.5° C. 
the chance for recovery is very small; at 41.75° C. death is almost certain. 

Premonitory symptoms of paralysis are the suddenly and unexpectedly 
occurring hyperpvretic temperatures during a non-febrile or slightly febrile 
course, especially in diseases of the central nervous system, in tetanus, epi¬ 
lepsy, tumors, injuries, etc. The temperature may here rise enormously 
in a few hours, to 44° C. and more. 

The DIAGNOSTIC value of the absolute height of a certain temperature by 
itself is very slight. The formation of the prognosis is more possible, at 
least, in abnormally high or low temperature values. These are symptoms 
of approaching death, or at least of decided danger, with the restriction 
that in certain diseases {vide supra) even unusually high figures may still 
admit of hope for a favorable termination. Besides, the temperatures 
usually attained are different in some diseases: e.c /., a height, which is a 
rule in one affection, forms a dangerous exception in another. 

The individuality of the patient must moreover be kept in mind when 
judging the result of a measurement. 

In children the body-heat in disease has in general the same significa¬ 
tion as in adults, but it presents frequently a more sudden change of tern- 
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perature and on the average a higher degree than in older persons, at least in 
simple catarrhal and inflammatory disorders. The temperature changes 
more rapidly after incidental influences, and reacts upon them more consider¬ 
ably. To infancy especially, therefore, ephemeral febrile attacks without 
any important cause belong. A high-febrile temperature is not by far of the 
same importance in them as in adults, although it requires the most care¬ 
ful observation ; and where adults, e.g., in convalescence, show a normal 
temperature, we frequently find in children a moderate increase. Therefore 
no sudden conclusions should be drawn from the first observation in chil¬ 
dren. 

Senile persons and those in advanced age frequently present, on the con¬ 
trary, in disease temperatures which are a half to a whole degree or still less 
than the average height which is reached in the same disorder in younger 
individuals ; the low temperature-values of collapse also occur more fre¬ 
quently in the former than in the latter. Already at the age between forty 
and fifty, and in exceptional cases even before forty, remarkably low values 
are occasionally found. If this is not taken into consideration the seem¬ 
ingly moderate temperature may easily misguide in regard to the form and 
danger of the disease, especially at the first measurement and before a cer¬ 
tain diagnosis has been arrived at. Febrile affections in senile persons are 
therefore never to be lightly treated. 

Many women and irritable individuals generally in middle age show 
occasionally a similar condition of temperature as children. 

The time of day at which the observations are made must be considered 
in every application of the result of the measurement. For never does the 
body-heat of a sick person remain during a period of twenty-four hours at 
the same point, and observations which record a certain temperature as last¬ 
ing throughout the day are certainly false. 

The daily fluctuations are in the sick usually more extensive than 
in the healthy. It is quite common to find that the temperature of a 
patient changes by 1-1^ degrees in the course of a day, and it may change 
for far more considerable values (6-8 degrees) ; it may also present a dif¬ 
ferent record on different days in the same patient, and also change in dif¬ 
ferent patients with the same disease. Minute fluctuations, with high tem¬ 
perature, indicate a considerable, moderate fluctuation with lower tempera¬ 
ture, a moderate intensity of fever. Very considerable fluctuations occur 
with an irregular course of fever, as well as with complications. 

To get a clear representation of the condition of the fever-temperature in the 
course of a period of twenty-four hours, observations should be made as frequently as 
possible; if possible with a thermometer continuously retained in its position, and the 
separate observations, recorded upon a chart (vide supra), united by means of a 
curve. This is the curve of the daily fluctuation. 

Four stages are distinguished in the daily fluctuation. The stage in 
which the temperature rises considerably, is called increase, exacerba¬ 
tion, ascension; that in which it sinks, decrease, remission, period of 
subsidence, descension. Between the two is the curve-point, the height of 
exacerbation, whose highest point is called the daily maximum. The dis¬ 
tance of the excursion between the daily maximum and daily minimum is 
the daily difference. The duration of each of the above-mentioned four 
periods, their extension, may differ very greatly in different patients and in 
the different stages of a disease. The extension of these periods must be 
considered in deciding the intensity of the fever, as well as the height of 
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each separate temperature-value. In considerable fever the exacerbation, 
and especially the exacerbation-height, the point of the curve, possess con¬ 
siderable extension; while in inconsiderable fever the extension of these 
periods is small, and the prolongation of the remission, especially the depth 
of the remission, is increased. 


The regular course of the daily fluctuation in fever of moderate intensity is about 
the following. In the first hours of forenoon, at about 9 o’clock or somewhat earlier, 
the exacerbation (the increase of the temperature) usually begins, and lasts until the 
afternoon. From now until evening, therefore fora period of 8-4 hours, the height of 
the exacerbation exists, and terminates at 7 or 8 o’clock in decided falling of the tem¬ 
perature, the remission. In the early hours of morning, perhaps at 5 or probably 
only at (i or 7 o’clock, the depth of the remission is attained. (A day of disease is 
usually calculated not from midnight to midnight, but from one remission-depth to 
the next. Some unpractically place in several diseases of sudden origin the beginning of 
the day of disease at the hour of the invasion, without reference to the daily fluctua¬ 
tion.) In excessive fever the point of the curve is occasionally already attained in 
the late hours of the forenoon and quite commonly at noon, and only left in the late 
hours of evening, very frequently only at midnight; the duration of the remission 
depth is then, of course, very short. In slight fever the latter on the contrary reaches 
frequently from early morning to noon or even afternoon; in the evening a short 
increase appears with an acute angle of the curve late in the evening or at beginning 
of the night. 

The course of the temperature within the several stages of the daily curve may be 
very different. If very frequent measurements are taken, an interrupted increase 
during the exacerbation is not rarely observed, interrupted by the temperature 
remaining stationary or even falling slightly. More frequently yet a d iscontinuity 
of the falling in the remission occurs ; occasionally the temperature remains here at 
exactly or almost exactly the same level for several quarters of an hour (so-called 
terrace-formation), until suddenly the decrease continues. This occurs especially in 
slow ascension and descension. Still more variable and important is the condition of 
the apex of the curve. In the simplest case the temperature at its level slowly rises 
and sinks to a very moderate degree,—this is rare, and occurs almost only in very 
slight fever. Very commonly with it appear accidental exacerbations and remissions, 
i.e ., fluctuations of temperature, which do not by far attain to the morning remission- 
depth, often only amount to a few tenths of a degree, but nevertheless are much more 
considerable than the above-mentioned unimportant fluctuations. The daily curve 
therefore becomes two or three pointed. In the latter case the first point is attained 
at noon, the second in the early hours of evening, the third at midnight or in the 
second half of the night (if it occur here it belongs more to the second remission and 
is only an interruption of it); in the former case the two points occur at noon and 
evening, or at evening and night. More than three apices upon the daily curve, 
which are separated by distinct decreases (accidental remissions), are rarely found; 
but two or three points are according to the rule. The remission depth is usually 
simple ; it commonly shows inconsiderable fluctuations, occasionally for a long period 
an evenly low state. Only rarely is the third accidental exacerbation, which ought 
really to close the point of the curve, and which is occasionally regularly removed into 
the remission, noticeable as a slight increase at its termination, i.e., in the closest 
proximity to the remission-depth. The formation of accidental remissions (and con¬ 
sequently also of preceding accidental exacerbations) in a fever of high degree is to 
be accepted as a favorable symptom, particularly when the incision of the curve is 
very deep. In this case it sometimes descends to the value of the remission depth, 
and the daily curve appears, instead of with two or three points, cleft or doubly cleft. 
The fever-waste must naturally be less in an interrupted fever than in a continuous 
one. 

In every regular fever of acute disease we find morning remissions, evening exacer¬ 
bations ; considerable deviations from this indicate a perhaps obscure disturbance of 
the course, and cause others to be expected. In chronic febrile diseases the course of 
the fever is very frequently the same—frequently two pointed exacerbations are also 
found—but not rarely the time of exacerbation and remission is gradually changed, 
and may even be completely reversed : the exacerbation-height appears in the morn¬ 
ing, the remission-depth in the evening. In such a condition, usually, an exceedingly 
irregular course of fever is at hand. 
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The daily difference, or the extent of the excursion between the daily 
maximum and daily minimum, may be variously large, but may also pos¬ 
sess with the same length different importance, according how high or low 
the daily average, or average temperature of the fever-period for twenty- 
four hours is, whether it rises or sinks. 


Small daily differences with considerable fever are generally symptoms that the 
disease is still in an eariy period, or that complications exist. The occurrence of 
remissions in the height of a disease almost always indicates an improvement, or even 
a transition into the stage of convalescence. The continued occurrence of remis¬ 
sions, especially the increase of the daily difference, proves the progress of convales¬ 
cence ; while the cessation of remissions with a continued febrile condition without 
decrease of the daily average indicates a relapse, or a complication. Large differences, 
produced by the remission-values becoming sub-normal, may be favorable or indiffer¬ 
ent, or may indicate danger ; increasing exacerbation-values are to be regarded as 
decidedly unfavorable in such a condition. 


By type of fever, the kind and mode of the course of the fever on several 
consecutive days is understood. If on them the daily difference is very 
inconsiderable (at the most .5° C.), the fever is called continued, febris con- 
tinva / if the difference is somewhat greater, the fever is designated febris 
subcontinua y if it amounts to more than one degree, it is remittent, febris 
remittens. In these the exacerbation and remission usually have the above- 
described characteristic course. 

The continuous and sub-continuous fever-types occur almost only with high tem¬ 
peratures and never continue long with them. They occur in all extensive inflamma¬ 
tory processes, also in the second half of the first, and a part of the second week of 
abdominal typhus (typhoid fever), in severe cases of scarlatina and small-pox, in 
exanthematous typhus. The more marked they are by high temperatures, the more 
serious is the case. If in pneumonia or other inflammations an intense fever (40- 
41° C.) retains this type for only a few days, in typhoid fever for 1-1^ weeks, life is 
very seriously endangered. Accompanied by lower temperatures, the continuous 
fever-type is endured for a longer period, e. g. , in acute rheumatism, pleuritis, local 
peritonitis. The usual type is the remittent. It occurs especially in the later stage 
of typhoid fever, in the lighter cases even in the second week, in the severe cases 
later if the course be favorable. It frequently occurs in bronchial and intestinal 
catarrh, in catarrhal pneumonia, tuberculosis and other diseases. With the same 
evening temperatures it is much more readily and longer endured than the continu¬ 
ous type. 

Another fever-type is the intermittent ( febris intermittens). It is char¬ 
acterized by intervals, occurring between the periods of high temperatures, 
of normal or sub-normal values, and therefore a period of fever (fever- 
attack paroxysm,) and a period without fever (apyrexia) alternate. It 
occurs most clearly in the intermittent fever which arises from the influence 
of malaria. 

The febrile paroxysm arises and disappears very rapidly, and therefore is but of very 
short duration. We distinguish in it the ascension, which, accompanied usually by 
chills, is continuous, and completed frequently in 1-2 hours ; the height of the attack, 
which with slight fluctuations runs its course similarly to an exacerbation-apex, and 
the descension, which may continue for 8-10 hours and usually occurs typically in 
the form of terraces. In intermittent fever such attacks occur daily, the apyrexia 
therefore lasting scarcely half a day— quotidian riiytiim ; or every second day with 
an apyrexia of 80 hours— tertian rhythm ; and so on. More rarely the rhythm is 
irregular. But the term intermittent fever is also used in different other acute and 
chronic maladies, if between the attacks a perfectly feverless interval, even if only of 
short duration, occurs. (Some designate such a fever as strongly remittent.) Such 
an intermittent type occurs occasionally very distinctly in the second half of typhoid 
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fever, in which case usually its transition from the remittent type can be very nicely 
observed; also in pyannia, puerperal fever, tuberculosis, in suppurations generally ; 
similarly also in affections of the biliary passages. But certainly it is not so charac¬ 
teristic in all these conditions as in malarial intermittent fever. The danger of inter¬ 
mittent fever generally, exclusive of the co-existiug local disorders, is less than that 
of remittent or continuous fever, as the organism can be somewhat restored during 
the apyrexia. 

A rudimentary fever-form is the ephemeral. Its short duration is its 
characteristic, amounting very frequently only to a few hours or one day, 
occasionally two days, rarely more ( ephemera protracta). The frequently 
considerably increased temperature (to 40.5° C. and more) is occasionally 
the only symptom of a constitutional disorder. Such a febrile paroxysm, 
similar to a paroxysm of the intermittent type, arises usually in sensitive 
individuals, as children, convalescents, women, from inconsiderable causes, 
which would not produce any disorder of the constitution in robust persons. 

Febrile diseases exhibit a very great variety in the degrees of body-heat. 
.Nevertheless certain rules can be recognized in spite of differences, and yet 
these differences present most important points for the recognition of the 
several diseases. First we must separate acute from chronic diseases. 

In acute febrile affections the temperature remains, (1) at least until 
the maximum of the development has been passed, either constantly above 
the normal or falls only occasionally and quite momentarily to the normal 
or below it, under the influence of incidental circumstances: lasting con¬ 
tinuous fevers. Or (2) the increased body-heat is interrupted once or 
oftener by febrile (normal or sub-, or also only high-normal) temperatures : 
intermittent and relapsing fever. Each attack of fever has a course 
here more or less like that of a continuous fever of short duration. The 
temperature-increase is sometimes dependent mainly upon the disease, at 
least in a part of its course; sometirites more incidental circumstances and 
especially upon the intensity of the disorder, as also upon individual con¬ 
ditions. To diseases of the first class belong most of the decidedly typical 
forms, also a number of those which are approximatively typical. All others, 
as well as the atypical fevers, belong to the second class, with more acciden¬ 
tal temperature-increase. 

In tj r pical diseases a certain course of the body-heat accords with the certain course 
of the disease. In contradistinction to these the course of the affection generally, in 
atypical diseases as well as the course of the temperature, lacks regularity. The 
transition is formed by the more or less approximatively typical forms of disease. 

( Vide p. 14.) 

The course of tiie body-heat in febrile diseases is determined: (1) by 
the kind of disease, especially in typical maladies: the clearer and less 
complicated the disease appears in a previously healthy individual, the more 
typically, so to say, the more normally the normal temperature "of the affec¬ 
tion runs its course; (2) by their intensity, even in typical affections; (3) 
by individual conditions, more particularly that of age; (4) by incidental 
circumstances, especially also therapeutical influences and complications 
(primary and secondary origin of the disease). It is divided into a num¬ 
ber of periods, which, differing in their significance, present a changing 
picture; and while they are in some diseases and in many single cases dis¬ 
tinctly separated, in others they merge one into the other. The following 
periods are distinguished: (1) the period of the development of the fever : 
pyrogenetic stage, initial stage ; (2) the period of the fully formed fever: 
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fastigium; (3) that of the decidedly subsiding fever: the period of subsi¬ 
dence, defervescence. To these three also follow (4) the period of con¬ 
valescence, and (5) the period of the transition to the lethal termination: 
PRE-MORTAL period. 

The initial stage extends from the commencement of the affection until 
the lowest average temperature, characteristic of the fastigium for the special 
disease, lias been attained. To this height the temperature rises more or 
less rapidly, by continuous or by discontinuous ascension. If the increase 
occur rapidly, it is usually continuous, not at all or scarcely interrupted by 
decrease, and occupies at the most twenty-four hours, very frequently only 
half that time, and even less. 


Thus it is in measles, scarlatina, small-pox. primary pneumonia, meningitis of the 
convexity, febiis recur re us. amygdalitis, erysipelas. The ascension of the tempera¬ 
ture occurs slowly, and then always discontinuously in typhoid fever, in exanthema¬ 
tous typhus, catarrhal pneumonia, catarrhs, articular rheumatism, and in others. It 
runs its course most regularly and most typically in typhoid fever, in which the tem¬ 
perature is higher every consecutive day at the same hour, as ever larger increases 
occur in the evening and moderate decreases in the morning. In many cases the 
development of the usually moderate fever is much slower. These are partly such in 
which the development of the fever follows the local disorder, not as in those already 
described, in which it precedes, or in which an uninterrupted fever is only decidedly 
developed with the increase of the local disorder. 

The period of the fastigium, the complete development of the fever, pre¬ 
sents much more considerable differences. This is owing to the exceedingly 
great variety of possible circumstances. 

First, the height of the maximum temperature, the highest point which 
the temperature attains during the disease, is very various in different 
cases. It is partly determined by the form of the disease, partly by the 
intensity of the case, but very frequently only by incidental circumstances, 
by which an unusual single increase is induced. It may, under those cir¬ 
cumstances, be of subordinate interest, but certainly becomes very impor¬ 
tant, if it attains an enormous height, e.g., 42° C. and more; a height 
which is but very rarely consistent with prolonged continuance of life. But 
it is most useful to know the limiting figures of the numerous severe and 
intense cases accompanied by continuous high fever (febris continua con- 
tinens), which yet possess a normal course not influenced by incidental cir¬ 
cumstances. This is important in relation to diagnosis and prognosis, as 
frequently much depends upon several tenths more or less at the higher 
limit. 

Only under peculiar circumstances, especially in regard to diagnosis, the knowledge 
of the limiting figures of the maximum temperature in characteristic slight cases is 
important, e.g. , in typhoid fever, iu which, in a characteristic course, it hardly falls 
below 39.6' C. A special enumeration of numerous numbers would lead too far into 
the field of special pathology, and therefore it is oniy remarked that for serious cases 
of most infectious diseases (excepting relapsing fever, which rises higher) about 
40.5 C. forms the average maximum temperature ; that in the interrupted fastigium 
of intermittent fever 41' J C., and somewhat more in the paroxysms, is very fre¬ 
quently attained ; as also that most local diseases in severe cases fluctuate at about 
40 J C. 


The most valuable elements for the judgment of a case are derived from 
the entire course of the temperature of the fastigium. This course may be 
either acme-like, or continuous, or discontinuous. 

In the acme-like course only once, slowly or more rapidly, an apex is 
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attained, and after a short duration of the fastigium (rarely, and then 
usually with some fluctuations, more than a day), and again departed from 
either by means of a fall of temperature, which leads to recovery, or by 
the agony. 

The continuous course consists of a maintenance upon a certain average 
height, with characteristic development of the daily exacerbations and re¬ 
missions, but in which the latter cannot fall beneath the usual fever-height, 
nor possess an unusually long duration. 

This course is not only present in all severe diseases, even with complications, when 
these do not, as e.g. kasmorrhages, act depressingly upon the temperature, but also in 
many slighter diseases. Examples of this are the third and fourth days of typhoid 
fever, exanthematous typhus, the prodromal stage of sinall-pox, scarlatina in its 
beginning, measles in its eruptive stage, etc. While in these affections a certain 
continuity of the course is normal, and, as long as the high temperature does not 
last unusually long nor attain unusual heights, it does not occasion any fear; it is to 
be considered an unfavorable symptom if diseases which, as a rule, have a discontinu¬ 
ous temperature-course, present a continuous one. 

Transition-forms to the discontinuous course occur frequently, espe¬ 
cially after long duration of the continuous type, and in favorably termi¬ 
nating disorders. First, by the remissions becoming day by day always 
longer, and then by unusually large but very transient falls of temperature, 
recurring several times, or from time to time. 

They are frequently noticed, in an otherwise perfectly continuous course of tempe¬ 
rature and often also in a not intensive course, as unexpected occurrences of seemingly 
favorably import, in the beginning of the fastigium as well as later, usually without 
any influence on the further course of the disease, occasionally in consequence of 
therapeutic interferences. Where they occur spontaneously, and as usual attain 
quite or almost the normal, they may give the appearance as though the critical ter¬ 
mination of the fever-course had arrived (pseudo-crisis). But then, besides the 
knowledge of the fact that pseudo-crises occur, the close observation of the local 
symptoms especially prevents the false interpretation. Examples of pseudo-crises are 
seen in many cases of scarlatina, small-pox, pneumonia, relapsiug fever, erysipelas, 
etc. 

Discontinuous is the course in the large majority of diseases, consider¬ 
able fluctuations occurring within one day, frequently also differences in 
the course on different consecutive days. With a regular alternation in 
the beginning of exacerbations and remissions, and considerable daily differ¬ 
ences (febris continua remittens ), the fever may continue in the same way 
for a month and more, according to the intensity of the local symptoms and 
the height of the exacerbation-maxima. But more frequently (as after an 
originally regular course in complicated cases which become anomalous from 
other causes, as also in certain disorders (for example pyaemia) from tlia 
beginning) the discontinuous course shows more or less considerable irre¬ 
gularities. These consist of irregularly occurring exacerbations and remis¬ 
sion on the separate days, as also of unequal and changing height of the 
maxima and minima, of intercurrent spontaneous large decreases of tempera¬ 
ture, without a consequent favorable termination, as also of intercurrent 
increases and collapses. Frequently the irregularity is complicated, and ii 
considerable irregularities of the course have once begun, it is usually no¬ 
ticeable that the disturbed type never again completely resumes its former 
condition. Occasionally completely irregular fluctuations of the tempera¬ 
ture occur, probably also occasionally even a change from a continuous to 
a discontinuous course. 
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Examples are suppurative fever, the fever in catarrhal pneumonia, pleuritis, rheu 
matism, trichinosis, erysipelas miyrans, intestinal catarrh, etc. 


The direction of the discontinuous temperature-course may be various: 
ascending or descending; or the temperature may remain at the same height; 
quite commonly these different directions follow one another. The ascend¬ 
ing direction may consist of an equable increase of exacerbation and remis¬ 
sion-values, or of an approximation of the remittent type to the continuous, 
the latter alone increasing; the descending direction is characterized by the 
reverse conditions. A reversal of the direction of the fastigium occurs 
gradually, or suddenly and sharply, without the maintenance of an equal 
character for even a short time, and is often preceded by irregularities of 
short duration. Perfect regularity of the change of exacerbations and re¬ 
missions, according to time and height, is rare (at the most typhoid fever 
forms an exception); at any rate, very remarkable causes are not necessary 
in case of great tendency to irregularity to make the course irregular. Com¬ 
plications produce commonly, and thus also make the prognosis more un¬ 
favorable, an approximation to the continuous temperature-course; if, on 
the contrary, the temperature approximates during the remissions to the 
normal, while it does not or at least only slightly exceeds in the exacerba¬ 
tion-period the limit of a moderate fever-heat, the case may be designated 
mild and advancing toward convalescence, if, excluding the fever, the local 
disorder does not indicate danger. 

The duration of the fastigium in the discontinuous type is on the average 
longer than in the continuous, and depends very much upon the kind of 
local disorder, and also especially upon the intensity of the case. Short 
duration in recovering cases is favorable, long duration unfavorable. 

Occasionally the fastigium in a disease is double or multiple: as in 
typhoid fever with successive deposits, in variola (prodromal and suppura¬ 
tive fever), relapsing fever, in some pneumonias (relapsing and intermit¬ 
tent form); also in facial erysipelas, pyaemia, etc. Frequently a different 
type exists in the several fastigia; it is unfavorable if the later ones show 
the continuous type. 

The termination of the fastigium is sometimes distinctly, sometimes 
indistinctly limited. With accuracy it can only be ascertained by frequent 
measurements. It concludes most suddenly, if after an usual and then 
most frequently a short course, there follow a short increase occasionally to 
a considerable height, before the transition into defervescence, the so-called 
perturbatio critica / most frequently it merges into the beginning of de¬ 
fervescence, if this be preceded by a gradual decrease of temperature ( sta¬ 
dium clecrevienti ). In a fastigium of longer duration, especially in a regular 
continuous or discontinuous type, a variably long period of irresolution 
with irregular fluctuations of temperature, and occasionally even with in¬ 
tercurrent collapses, is likely to occur between the fastigium and deferves¬ 
cence, the so-called amphibolic stage. In recovering cases the temperature 
of this stage usually remains at a moderate height; if excessive values are 
attained, abnormally high as well as abnormally low ones, the termination 
is doubtful, and transition into the pro-agonic stage not rare. 

During the fastigium. the temperature can be influenced more or less readily by 
processes within the organism, ®r by artificial influences bearing upon it, to the 
advantage or detriment of the patient. Disadvantageous are those influences which 
are capable of producing an increase of the fever, as mental excitement, bodily exer¬ 
tion. and muscular exertions generally, being too warm, errors of diet, constipation, 
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and other unfavorable processes. A decrease of the heightened temperature is induced 
by spontaneous and artificially produced haemorrhages, by abundant defecation and 
perspiration; also by vomiting, inanition; occasionally also by sleep, by sufficient 
application of cold; lastly, by incorporation of a number of medicaments (antipyret¬ 
ics), of which are to be especially mentioned: calomel, digitalis, veratrum. quinia, 
laxative salts. It is not decidedly and always advantageous if the temperature mode¬ 
rate, particularly below a certain limit; and therefore medical knowledge and expe¬ 
rience must note the appropriate cases and the most appropriate methods, as well as 
the right time for the reduction of the fever. But the certainty and the degree of 
the effect is by no means the same in all cases with the same course of temperature; 
on the contrary, the response to these influences (undoubtedly on account of the dif¬ 
ferent intensity of the fever, notwithstanding the same temperature) is very different. 
So, e.g ., digitalis, cold baths, calomel, etc., act upon light and moderate fevers dis¬ 
proportionately more than upon considerable temperatures with intense local pro¬ 
cesses. Readily influenced temperatures occur more frequently in children and in 
the weak than in robust adults, more frequently in the stadium decrements than in 
the st. incrementi; more frequently at the time of the daily remission than that of 
the daily exacerbation. 

During the process of recovery the course of the temperature is 
various, and certainly influenced by the kind and mode of the convalescence, 
although not quite determined by it alone. Undoubtedly the apparatuses, 
by whose activity a certain form is assigned to the deviations of temperature, 
possess so much independence, that they are able to influence the mode of 
their return to the normal. This therefore occurs in many diseases in a 
regular and certain way, without our being able to recognize the true reason 
of the differences. Although the facility or difficulty of reparation of the 
local disorder may have the most important influence (frequently enough 
the decisive fall of fever occurs when it has ceased to extend), it is not always 
alone the determining. By experience it is proven, that, notwithstanding 
the local disorder be evidently on the path of i*ecovery, and no other new 
affection be demonstrable, still the fever continues in a certain independent 
way, and the mode of convalescence characteristic of the disease is changed. 

A period of insufficient decrease, stadium decrcmenti, precedes in some 
cases the decided decrease of temperature which leads to the normal. It 
either follows the fastigium directly, or only after an intercurrent short in¬ 
crease between it and the former. Its duration is generally short, and 
amounts at the most to a couple of days; it may so gradually change into 
the actual decrease of defervescence, that the beginning of the latter cannot 
be positively determined. The stadium decrcmenti is distinguished from the 
amphibolic stage by the non-occurrence of new considerable increases of 
temperature, as an unfavorable symptom. The preparatory decrease may 
last from half a day to an entire day, rarely more. It consists frequently 
only in the non-appearance, or the more moderate development of the usual 
evening exacerbation, so that the morning temperature-height exists almost 
continuously, or of a larger morning remission with equally large evening 
exacerbation, or of a decrease of both. 

In the period of defervescence, or subsidence of fever, the increased 
temperature of the fastigium, or at least that of the stadium decrcmenti , 
returns to the normal. It either occurs rapidly: rapid defervescence, 
crisis, so that it is completed in a few, at the most 3G hours, the tempera¬ 
ture falling during that time 2°— 5° C., and even more, and reaching the 
normal, or even sinking below it. Or, it occurs more slowly during several 
days, or oue week and more: lysis. The protracted crisis must be ac¬ 
cepted as an intervening form, in which the defervescence is completed in 
about 3 days; it is particularly observed in cases of disease whose normal 
form of defervescence is the crisis. 
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If the crisis is completed in 12-24 hours or (not frequently) in a shorter time, a 
continuous decrease of temperature is observed by rare measurements, by very fre¬ 
quent ones a more or less terrace-like decrease. In long duration, but particularly 
in protracted crisis, small intercurrent increases, which occur at the time of the main, 
or also of the incidental exacerbations of the daily' fluctuation, and which undoubted¬ 
ly possess their signification, are common phenomena ; and at least the decrease in 
the remission-period of the daily fluctuation (at night) occurs more rapidly than in the 
exacerbation-period (in the afternoon). Frequently, particularly if before the crisis 
the temperature has attained an unusual height and then fallen rapidly, or if shortly 
before there appeared inlluences depressing the temperature, it happens that the 
body-heat falls far beneath the normal, to 3(5° C. and lower ; not rarely light collapse- 
symptoms are developed. Such an excessive decrease gives no guaranty that a new 
increase will not follow (similarly to a pseudo-crisis), and only after 24 hours have 
passed without its occurrence is defervescence assured. Generally those diseases 
defervesoe rapidly which show in the initial period a rapid increase of temperature, 
and which take a normal uncomplicated course. Most remarkable, most constant 
and most rapid is the crisis in relapsing fever, in which it may descend 5°-6° C. 
within a few hours ; it is, moreover, the rule in croupous pneumonia, in normal 
measles, and in the eruptive fever of small-pox, frequently in erysipelas, angina ton¬ 
sillaris , and in ephemeral fever. 

Lysts either occurs in the form of a slow, but mainly continuous decrease of tem¬ 
perature, which falls a little less from morning to evening than during the night, or 
remains stationary, or even again rises slightly. The decrease may occupy 4-8 days, 
e.g., in scarlatina and in exanthematous typhus. Or the lysis has a remittent course, 
the daily-maxima and minima approximating more and more the normal, now in 
equal, then in unequal stages (so that first the remission-values increase, until they 
attain the normal, and then only the exacerbation-maxima decrease), or by the devel¬ 
opment of a mixed type. Interruptions of the regular decrease are extremely fre¬ 
quent. Remitting lysis is characteristic of typhoid fever; it appears frequently in 
catarrhs, and in the suppurative fever of small-pox; also in pleuritis, peritonitis, etc., 
as also in complicated cases of scarlatina and measles. 


During the period of convalescence the temperature returns to the 
normal degree and remains there permanently. Every deviation from this 
course, as it occurs especially in the beginning of convalescence, indicates 
a disturbance of the process of recovery, or the occurrence of a new dis¬ 
order. 

The temperature usually does not immediately become perfectly normal 
after the close of defervescence. Frequently it attains sub-normal, occa¬ 
sionally' quite low values (to 35° C.), and there remains stationary, with 
fluctuations, sometimes for several days. This occurs particularly in criti¬ 
cal defervescence. But occasionally it rises yet for a time regularly at every 
exacerbation-time to sub-febrile values. Not rarely the evening tempera¬ 
ture is a little supra-normal, but the morning and especially the night tem¬ 
perature are sub-normal, the daily difference therefore increased. At other 
times this is decreased. Commonly, perfectly normal temperature sets in 
under such irregularities, gradually, and at the latest in the course of 1-2 
weeks, especially with respect to the daily fluctuation of the healthy type, 
if particular circumstances do not sustain the continuance of anomalies. 

The temperature of the convalescent reacts more readily than that of a 
healthy person to extraneous influences : by a bath, by numerous meals, by 
muscular exertions even of an inconsiderable degree; by leaving the bed or 
room it is usually changed, most frequently increased, commonlyfor a short, 
occasionally for a longer period. If such increases are considerable, if they 
reach into the febrile degrees, they indicate a more serious disturbance, and 
call earnestly for renewed precaution. They’' are frequently the first symp¬ 
tom of a relapse, but occasionally have only the importance of a simple 
fever-collapse. After a disease of long duration the temperature of conva¬ 
lescence is generally more excitable than after disorders having a short 
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febrile course: e.g., it is more frequently disturbed after typhoid fever 
than after pneumonia or erysipelas. Nevertheless the kind of disease is 
also in a high degree determining. 

The fatal termination is not rarely preceded by symptoms of variable 
duration, and in great part of an unfavorable kind. They must not be 
judged only by the condition of the body-heat; but the other symptoms 
must also always be consulted, especially the frequency of the pulse and 
the signs of collapse, so as not to be deceived by apparent moderations. 
The temperature of the internal parts, as ascertained in the usual places of 
measurement, is in various conditions. In general it has an extraordinary 
tendency to the greatest irregularities and fluctuations: whichever occur, 
it fluctuates occasionally, so to say, without rule ; collapse-temperatures alter¬ 
nate in short periods (not even 24 hours) with the highest febrile degrees. 
Occasionally, nevertheless, the influence of the daily fluctuation is shown in 
quite a normal way; exacerbations and remissions alternate as previously, 
while the temperature-values rise and fall or quite rarely also remain 
stationary. Decrease and increase may possess a very different intensity, 
and may also be combined in quite a regular way. In yet other cases an 
uninterrupted, finally enormous increase or decrease begins with the change 
to a lethal termination. 

In the agony the temperature is very various. Sometimes the influence 
of the daily fluctuation is also here still to be recognized: the patient dies 
without any remarkable changes in the course of temperature, either 
in the exacerbation or in the remission. But frequently a moderate in¬ 
crease of temperature occurs in those who were previously feverish. At 
other times a very considerable decrease, from febrile to collapse-tempera¬ 
tures, which contrasts very much with the former course, appears near 
death, particularly in serious inanition, after severe haemorrhages, abundant 
evacuations of faeces, perforations. 'Finally, the intense pre-mortal tem¬ 
perature-increase, in which the highest values which have yet been observed 
ai’e attained within a few hours, is in a high degree characteristic. It 
appears at the close of an intense febrile course, as present particularly in 
infectious diseases, e.g., typhoid fever, exanthematous typhus ; also measles, 
scarlatina, small-pox, pyaemia ; furthermore, in insolation, pneumonia, erysi¬ 
pelas, acute rheumatism, endocarditis; or it forms the termination in dis¬ 
eases of the nerve-centres, as well febrile inflammatory disorders as menin¬ 
gitis and encephalitis ; also in affections without any certain tissue-change, 
especially tetanus, epilepsy, hysteria, which have usually shown a normal or 
hardly increased temperature until the occurrence of the agony. While 
with previously intense fever the lethal increase can be accepted as an ex¬ 
pression of its highest and therefore most pernicious increase, it appears 
that, in the last-named affections, it is necessary to believe that a new pro¬ 
cess has been added, which is frequently indicated by nothing so early and 
so undoubtedly, as by the enormous increase of temperature. 

In the pre-mortal excess of temperature the further increase occasionally 
ceases at the moment of the cessation of the heart’s activity and of respira¬ 
tion ; but very frequently a further increase to a very small height, or even 
to several tenths of a degree, appears for from a few minutes to almost an 
hour. This post, mortal increase is always terminated by the temperature 
maintaining a perfectly equal high state, which may exist for several minutes 
to a quarter of an hour. After that, the temperature falls with varying 
rapidity, first slowly, then gradually more quickly. In a less characteristic 
way a post-mortal increase can also occur without a pre-mortal increase. 
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The highest agony-temperature which has been observed amounted to 44.75° C.; 
it occurred in a case of spontaneous tetanus. The temperature rose after death for 
55 minutes to 45.38“ C. Values of 42° C. and more in the agony are quite fre¬ 
quent in infectious and nervous diseases. 

Not always does the pre-mortal increase of temperature last to the moment of 
death ; occasionally it ceases even several minutes before. In this case the decrease 
may continue after the cessation of the heart’s action and of respiration, and 
increases steadily; or a short post-mortal increase may first intervene. 

Chronic diseases are characterized by the great changeableness of their 
course. Normal temperature and fever, as also all fever-types, may alternate 
in the greatest variety. The separate consecutive days of the disease not 
rarely possess an extraordinarily variable febrile course: the largest differ¬ 
ences between morning and evening, between daily maximum and daily 
minimum, between the temperature-values of two consecutive days, are 
possible here. Therefore, the judgment of these diseases, and especially of 
the effect of antipyretic medicines, is made difficult to a high degree. 

Chronic diseases not rarely develop from the acute, and therefore the 
commencement of the fever may be just as in the latter. At other times 
they originate gradually; their beginning is in this case frequently charac¬ 
terized by very inconsiderable but growing rises in the evening tempera¬ 
ture for months, which finally also lead to morning increase (vide supra). 
They generally terminate by a very gradual disappearance of the increased 
temperatures, still much more slowly than by a protracted lysis. Fever- 
paroxysms, which, more or less intense, interrupt the decrease of the tem¬ 
perature, are of frequent occurrence. The establishment of a perfectly 
normal temperature is deferred usually by the appearance for a long time 
of moderate increase of the morning, and particularly also of the evening 
temperature, which indicates the preceding disorder, and cause an appre¬ 
hension for a new exacerbation. The fatal termination appears rarely with 
abnormally increased, usually with moderate, febrile height, or with normal 
and sub-normal temperatures. The latter is sufficiently explained by the 
very great emaciation of many persons having chronic diseases in the last 
years of life, produced by a more or less complete inanition. Therefore, 
post-mortal increase is much rarer than in acute diseases. 

The anatomical changes, which are produced by fever in the solid and 
fluid parts of the organism, are of veiy variable kind. They are partly 
induced by the permanent influence of high tempei-ature, partly dependent 
upon the febrile waste in the different fluids and tissues of the body. They 
are most characteristic in cases of febrile marasmus. 

The anatomical changes occurring in consequence of the influence of 
high temperature for many days are found most frequently in fatal cases 
of acute infectious diseases (measles, scarlatina, small-pox, exanthematous 
typhus, and typhoid fever, puei'peral fever, erysipelas, acute articular rheu¬ 
matism, etc.). They consist especially of more or less extensive albuminous 
infiltration of many cellular elements, particularly of the glandular cells of 
the liver, kidneys, also of the spleen, lymphatic glands, of the colorless 
blood-corpuscles, of the muscular fibres of the trunk, the extremities and 
particularly of the heart; occasionally also of simultaneous moderate fatty 
metamorphosis of the same parts, as also of waxy degeneration of the 
muscles. The blood in the heart and in the lai’ge vessels is nearly always 
fluid, or not completely coagulated. 

Of old, Sydeniiam, Boeritaave, Swieten, later Roger, Wunderlich and 
others, but abo\e all Ltebermeister (I). Klin., 1859, No. 40; D. Arch. f. kUn. 
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Med., 1866, I., pp. 208 and 592), have called special attention to the regularity and 
importance of the above-mentioned tissue-changes, especially of the albuminous 
infiltration, in high fever. According to L., these changes are in man}' cases the con¬ 
sequence of the increased bodily temperature, and frequently the only cause of death. 
L. proves this by the constant occurrence of albuminous infiltration in the cited con¬ 
ditions, by pointing to the noxious, even deleterious influence of higher temperatures 
upon living cellular organs (Sciiultze, Das Protoplasma, u. s. w ., 1868, p. 83 et seq.— 
Kuhne, Arch. f. Anat., Phys ., u. s. w., 1859 ; Untcrs. ub. d. Proto)>l ., u. s. w., 1864), 
to the favorable influence of cold-water treatment, by the similarity with the con¬ 
ditions after sunstroke or insolation (vide p. 59). 

Also consult Buhl, Z. /. rat. Med., 1857, VIII., p. 89 ; 1858, IV., p. 804.— Hoff¬ 
mann, Unters. ub. Abdominal-typh. 1869. 

Against Liebermeister’s interpretation a number of important objections can be 
made. First, the parenchymatous infiltration is either entirely absent in some cases 
of high fever lasting several days, or is only present in a very minute degree. Fur¬ 
thermore, the same infiltration occurs under conditions in which only slight fever 
or none existed : e.g. in some very extensive rapidly fatal burns (vide p. 298), in some 
cases of suffocation, in some cases of poisoning (by sulphuric acid, muriatic acid, 
phosphorus). In special cases almost always yet other causes of albuminous infiltra¬ 
tion enter into consideration: the infectious substance, as in the acute exanthemata, 
in pyaemia, etc. ; anaemia or hyperaemia, and acute consumption; the disordered 
respiration. The colloid degeneration of the muscles is also believed by some to be 
the consequence of fever; but this is present under such various circumstances, 
that its causes must also be considered as unknown. 

According to SwiETEN, and later to Weikart, death in excessive increase of the 
bodily temperature results from coagulation of the fibrin of the blood at about 43° C. 
(Arch. d. Hcilk., 1863, IV., p. 193). But just in those diseases in which death 
results most frequently by excessively high temperature, the amount of fibrin in the 
blood is small; frequently all blood in the corpse is still liquid, or forms but flabby 
eoagula. In death by sunstroke, etc., also, the blood is usually fluid. 

The anatomical changes which appear in consequence of the febrile 
waste are in the main analogous to those of senile and pathic marasmus. 
They consist of dryness of all tissues, of their simple atrophy and emacia¬ 
tion. In regard to changes in the blood vide p. 533. Their immediate 
cause is probably an actual consumption of bodily ingredients, analogous 
to that of inanition. 

The functional disorders, which we observe more or less constantly in 
fever-patients, have their origin mainly in the disordered temperature and 
most particularly in the increase of the body-heat. They occur in the 
nervous system, the organs of circulation and respiration, the digestive 
apparatus, and the secretions. 

In respect to the nervous phenomena, general sensation ( gemeinyefuld ), 
and the senses as well as the psychical and motor functions present import¬ 
ant changes. 

General sensation is almost always disordered in fever. At its com¬ 
mencement there is frequently an increased sensibility, especially in regard 
to heat-abstracting influences, and actual cold. Notwithstanding warm 
covering the patient feels chilly and shudders (horripilation), partly in the 
extremities, partly along the back; the peripheral parts, as ears, nose, 
fingers and toes, become cold. In this degree the chilliness may continue 
for hours and days, or increase rapidly to chills (vide p. CIO), particularly 
in severe febrile affections. In the chill the face and extremities, or even 
the entire skin, including the visible mucous membranes, become cool and 
bluish, the skin-turgor is diminished, the eyeballs are sunken, respiration is 
more frequent; the patient feels oppressed and extremely miserable and 
uncomfortable, he experiences nausea and occasionally vomits; he reposes 
upon his side and bends himself up, as though to decrease the losses of heat 
by diminishing his bulk; he throws himself about spasmodically, as though 
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to increase the production of warmth by muscular activity ; he shivers 
freely, and the lower jaw moves rapidly up and down, even so as to produce 
chattering of the teeth. Tn this way the chill may continue for a few min¬ 
utes or hours, and its intensity may gradually and continuously diminish, 
or again increase for a short time to its former sevei’ity. As a rule, the 
body-heat during the chill is very considerably increased in the internal 
parts of the body, and the chill is finally thereby completed, an equalization 
gradually occurring between the periphery and the internal parts; at the 
most, short light shudders appear now and then. If a chill has been 
attained, the period of cold is as a rule followed, as reaction, by a warm 
stage with feeling of intense heat, strong injection of the skin, especially of 
the face, turgescent skin, which gradually begins to perspire, and therewith 
subsidence of the preceding subjective complaints. 

The chill is best characterized and strongest in primary pneumonia, intermittent 
fever, and pyaemia. Occasionally a chill exactly like this occurs without fever, e.g ., 
by passage of a urethral catheter, by impaction of a urinary calculus, etc. 

Very conspicuous are the contractions, in chills, of the unstriped muscular fibres 
situated around the cutaneous glands, whence arises the characteristic appearance of 
“goose-flesh.” The simultaneous cyanotic discoloration is explained by the spasmodic 
contraction of the unstriped muscle-cells of the cutaneous vessels, from which the arte¬ 
rial afflux is excluded, and the rapidity of the blood-current through the small veins 
impeded. 

Excluding these symptoms of chills, which are especially important and 
frequent in the beginning of fever, we meet throughout its whole duration 
numerous other psychical, sensorial, and probably also motorial symptoms. 
In the slightest degrees of fever no disorder whatever of consciousness 
exists. There is present an uncertain sense of indisposition, restlessness, 
excitement, oppression; heaviness and dulness of the head, headache, dis¬ 
inclination to mental occupation; sensibility toward all impressions of the 
senses; restless sleep with oppressive dreams; painful sense of fatigue of 
the spine and limbs, a sense of weakness and debility, want of will-energy. 
In more intense fever appear fainting and dizziness in assuming the erect 
posture, darkness before the eyes and noises in the ears; moderate apathy, 
some want of memory, hesitating answers ; delirium in a state of half-sleep, 
occasionally also while waking, and infirm muscular actions. In still higher 
degrees, consciousness is continuously disordered, though not always to the 
same degree, and the irritation of the brain presents transitions to symp¬ 
toms of depression. Restlessness, excitation, continued delirium with 
fancies, uncertainty in regard to the surroundings, frequent illusions 
and hallucinations, loud talking and screaming, attempts to leave the bed; 
light maniacal attacks, siibsultus tendinum / local twitchings, in small 
children exceptionally also general convulsions are the symptoms of the 
irritation of this stage. As severer symptoms of depression are to be re¬ 
garded quiet delirium, great apathy, stupid expression of the face, mutter¬ 
ing delirium, bed-picking, occasional involuntary evacuations of the bowels, 
frequently sopor without any energetic expression of psychical activity. 
Higher degrees and longer duration of such phenomena always indicate 
great danger. In the highest febrile forms continued unconsciousness, 
sliding down in the bed, and not any or extremely slight reaction upon 
psychical and sensorial impressions exist. 

According to MANASSEiN ( Virch. Arch.. 1872, LVI., p. 220) the muscular debility 
occurring regularly in strong fever of short duration, or in slight or intense fever of 
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longer duration, as well as the frequent pains in the muscles, depend upon diverse 
changes in them : first upon the frequently existing so-called colloid degeneration 
{vide p. "31); perhaps also upon the more abundant transformation of creatin into 
creatinin (increase of the latter in the urine: J. Lehmann, Munk, G-aeiitgens, 
Hofmann) ; upon the increase ! amount of potassa-salts in the urine (Salkowski). 
Chemical analysis also shows in the muscles themselves a cause acting upon them 
through the fever: the amount of watery and alcoholic extracts of the muscles is 
always smaller in feverish animals than in the healthy; the quantity of nitrogen 
contained in the extracts is larger in the former. Naunyn ( vide infra) found in 
the muscles of dogs on the 3d-5th days of ichor-fever 0.1-0.2 in the blood 0.00-0.15 % 
of urea ; similar numbers were obtained in typhoid fever and septicaemia. 

If in the above statement the several nervous symptoms are brought into connection 
with the fever-intensity, it is not to be understood that in each single case and at every 
time a certain height of temperature is accompanied by the same or similar symptoms 
of disease. This is not the case; high fever can exist exceptionally almost without 
any considerable, very slight fever with severe disorder of the nervous system. For 
this disorder is not only influenced by the height of temperature, but also by many 
other factors more or less mysterious in their actions,—above all, individuality with 
its changing excitability at different times and in different persons. At present, 
therefore, it cannot be determined whether the disorder of the central organs de¬ 
pends upon demonstrable material changes, the less so as more accurate examinations 
of those who died after severe fever are not recorded. It can only be said, that the 
anatomical changes causing the lower degrees of nervous disturbances must be such 
as admit of rapid recovery, as the duration of those symptoms is as a rule short, and 
in the main limited by the duration of the excessive increase of temperature. 

The symptoms in the vascular system are very important. Before the 
knowledge of the results of thermometrical measurements they were espe¬ 
cially relied upon in the study of fever. 

With the increase of temperature in fever the heart’s movements are 
accelei’ated, and the heart’s pulsation strengthened ; also, not rarely, there 
is present in place of the first sound in the .ventricles as well as in the arte¬ 
ries a systolic murmur, or at least an intermediate form between sound and 
murmur. The larger arteries, as the carotids, are seen to pulsate more 
strongly. The small arteries of the skin are contracted during a chill, so 
that it appears paler, and, as the insufficient afflux of arterial blood is 
accompanied by venous repletion, at the same time becomes of a bluish 
color. During febrile heat the cutaneous arteries are relaxed, the capilla¬ 
ries better filled, the veins empty, the skin turgescent, red, not livid. This 
febrile flush is of course most strongly marked in parts having abundant 
capillaries and a thin epidermis: cheeks, lips, conjunctiva;, therefore 
appear especially reddened. Occasionally the distribution of the blood is 
not uniform. 

The conditions of the arterial pulse during fever has received quite 
special attention. Best known is the increase in the frequency of the pujse. 
Formerly the acceleration of the heart’s contractions were even accepted as 
pathognomonic of fever; but this is now, after the new standard which 
thermometrical observation has produced, no more admissible. But the in¬ 
creased frequency of the pulse is nevertheless that symptom which, next 
to the increase of the body-heat, is observed most constantly in fever, for 
they stand in the closest relation with each other. 

By counting the pulse-beats of a patient we wish to gain a criterion for 
judging the influence which the morbid process exerts upon the circula- 
tory apparatus. But, besides the bodily temperature, the following condi¬ 
tions must also be taken into consideration in forming this judgment: con¬ 
stitutional conditions (anaemia; intoxication, e.g., with lead, and infectious 
matter, e.g ., with scarlatina); the condition of the heart itself (inflamma¬ 
tion, valvular disease); the degree of resistance in the vascular system (renal 
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affections, dropsy, pleuritic exudations); the action of those parts of the 
central nervous system important to the heart’s movement. It is therefore 
not surprising, that a certain height of temperature is by no means accom¬ 
panied by a given frequency of the heart’s pulsations; but just as little are 
all these various influences able, in a given case, entirely to set aside the in¬ 
fluence of temperature. 

It can be proven with certainty, as a rule, that in fever ceteris paribus 
the frequency of the pulse is the greater, the higher the bodily temperature 
rises. A simple statistical compilation of numerous observations of the 
pulse in fever-patients is sufticient to demonstrate that dependence. 

Liereumeister (I). Arch.f. klin. Med., I., p. 460) has calculated from a consider¬ 
able number of simultaneous pulse and temperature observations the following values 
for adults : 

Temperature, 37° C. 38° C. 39° C. 40° C. 41= C. 42’ 0. 

! minimum, 45 44 52 64 66 88 

maximum, 124 148 160 158 160 168 

average, 78.6 88.1 97.2 105.3 109.6 121.7. 

It is thus shown, that, notwithstanding all fluctuations, and notwithstanding the 
great divergence of the maxima and minima, the arithmetical average of the fre¬ 
quency of the pulse increases equally with the increase of temperature, so that 
an increase of the latter of 1° (J. is accompanied on the average by an increase of the 
pulse of eight pulsations per minute. 

Furthermore the influence of the temperature upon the frequency of the 
pulse is proved by : the condition of the latter upon artificial increase of 
the former, the rise and fall of the frequency of the pulse in the foetus of a 
feverish pregnant woman being in proportion to the mother’s temperature ; 
as also, lastly, by physiological experiment. If a fluid of variable tempera¬ 
ture is allowed to circulate through separated hearts, the frequency of the 
heart’s pulsations rises and falls in proportion to the temperature ; near the 
normal temperature greater irritability of the heart is evident, characterized 
by a greater increase of the frequency relatively to a smaller increase of the 
temperature ; by too great an increase of temperature the irritability of 
the organ is entirely destroyed. 

The influence of temperature in disease, however, becomes evident under 
very variable conditions. With the same height of temperature, further¬ 
more with equality of age, size and sex, of the nourishment and the position 
of the body, with the same extraneous circumstances generally, we find 
greatly diverging frequency of the pulse. It is not, therefore, the absolute 
pulse-frequency which is influenced in a feverish person by the tempei-ature- 
height, but only, so long as disturbing elements do not arise, its daily move¬ 
ment. 

Not less important is the character of the arterial pulse. An 
experienced observer should distinguish by the finger, besides the frequency 
of the pulse, also : whether it fills q uickly or gradually ( pulsus celer, pulsus 
tardus) ; how high the pulse wave is (p. viagnus and parvus) ; how widely 
the artery is distended (p. plenus and vacuus) ; in what degree of average 
tension the artery is (p. mollis and durus). The fever-pulse of a previously 
healthy adult is more or less large, full, hard, quick, and probably it gains 
these properties mainly through the influence of a quicker and stronger con¬ 
traction of the heart. Characteristic examples of this are presented in 
acute inflammations, especially pneumonia, less strikingly in infectious 
diseases. Self-evidently the forms of the pulse of feverish persons vary 
greatly according to the original constitution of the pulse before the occur- 
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rence of the fever, as also according to the influence which the disease lias 
until then exerted upon the texture and function of the heart. Even dur¬ 
ing a febrile condition a small, empty, soft pulse can very well exist tran¬ 
siently or continuously, but only under the influence of particular circum¬ 
stances, which more or less paralyse that of the fever. 

Much more clearly than by palpation with the practised hand, though 
this, notwithstanding, cannot be dispensed with, is the change of the pulse, 
produced in consequence of the fever, represented in its delineation by 
means of the spiiygmograph. The accurate representation, only very super¬ 
ficially possible without an instrument, of the wavy motions of the arterial 
tube, is one of the great advantages of sphygmograpliy. 

According to O. «T. B. Wolff (Gharakteristik des Arterienpulses, 1865), who 
employed M.vrey’s sphygmograph. three parts can be distinguished in every drawing 
of one pulsation of the radial artery of a healthy adult: the ascending curve, the 
apex and the descending curve. The first, the ascension line, is the steeper, the more 
quickly the expansion of the vessel is completed : it always only deviates very slightly 
from the vertical line (i.e., the circle, which the lever of the apparatus describes upon 
the blackened paper). It approximates the latter the closer, the less the elasticity 
of the vessel's walls and the more energetic the quickness of the heart’s contractions 
(as in the pulsus celer). The apex of the curve is in a correct drawing always only a 
point, the point of an acute angle. The descending curve, descension-liiie, possesses 
normally two main waves; occasionally a third one is added, accordingly as the tension 
of the aorta diminishes quickly or slowly. In a small pulse the first of the two main 
descension waves appears to be the larger. If three waves exist, the first, commonly 
the smaller wave, is to be considered as divided into two. If, as is usually the case, 
the last wave (large ascension wave of Wolff) alone is well marked, the pulse is also 
distinctly perceived by the finger as consisting of two waves (double beat, dicrotic); 
in anaemic convalescents the three waves are probably also detectable by attentive 
observation. In a careful drawing and sufficiently large pulse several other small 
waxes are found on the descension line. Its wavy appearance arises from the vibra¬ 
tions of the arterial wall made varyingly tense by the heart’s systole, and is modified by 
the unequal elasticity of the wall, as well as, especially in the larger arteries, through 
the influence of the return current of the blood toward the heart during the heart’s 
diastole, whereby the intravascular pressure is quickly diminished. 

The normal pulse-curve is somewhat different according to age. The pulse of aged 
persons is also triorotic, i.e., it has besides the main ascension-wave also two larger 
(secondary) waves upon the descension line. It is especially characterized by the 
second impulse of each pulsation (first secondary wave, in the above described pulse 
of the adult small) possessing a very considerable size and duration; besides that, the 
apex angle is very acute (considerable celerity). In the child’s pulse also the first 
secondary wave is larger than in the adults, on account of the shorter distance of the 
heart from the artery examined. 

In increased temperature the radial pulse-curve of a healthy adult changes in the 
following way. If the axillary temperature increase but by several tenths of a degree, 
at the most to 38.5 C.. the pulse-curve becomes incompletely dicrotic, subdicrotic ; 
i.e., the incision between the first and second descension waves becomes larger, and 
thereby also the height of the second wave (the so-called great ascension wave) more 
considerable. The first descension wave is never divided into two portions. If the 
temperature rise to 39' C. and above, the pulse becomes constantly more dicrotic; it 
is completely dicrotic at 39.5° to 40.5° C. The dicrotic curve is characterized by the 
first secondary wave having become still smaller, and the incision between it and the 
second wave extending still further down, to the base of the curve, i.e., to the point 
whence the ascension line began. In this way the second secondary wave has 
enlarged very much, and also appears later as in normal conditions. It is distinctly 
felt by palpation, every contraction of the heart being followed by a double pulsation. 
Dicrotism is best marked in a soft pulse, e.g .. in typhoid fever, although it is more or 
less observable in all severe acute diseases. In a further increase of temperature the 
perfect dicrotism is surpassed, i.e., the large incision just mentioned between the 
first and second secondary waves becomes still deeper, so that its point comes to be 
placed beneath the base of the curve. At the same time the first secondary wave is 
reduced to a minimum : it appears only as a slight unevenness of the beginning of the 
descension-line. Usually the pulse has also become considerably smaller; especially 
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is this seen in the second secondary wave, which appears so well in dicrotism. This 
type is called superdicrotic; it is present in a temperature of 41° C. and more. 
Finally the highest temperatures are accompanied by a pulse, in whose curve 
(small on account of the exceedingly rapid contractions) the second large secondary 
wave (large ascension) also has been reduced to a slight inequality or has entirely 
disappeared. The descension line appears therefore as a line sinking quickly and 
considerably beneath the base of the curve, and thereupon rising slowly a little 
toward the straight-running ascension division of the next pulse-wave. This is the 
monocrotic type. Between the several curve-types all possible intermediate and 
transitional stages exist in reality. 

If the temperature fall, in the healthy, to the lowest normal values, trierotism is 
more clearly marked than in the average normal values. In the main the same con¬ 
dition of the pulse-curve appears co-existing with collapse-temperatures in the sick, 
with healthy nervous systems. Extraordinarily low temperature-values but very 
rarely occur in such ; they have been observed much more frequently in psychical 
disorders, therefore with the more or less well marked pulsus tardus peculiar to them 
(in contrast to the somewhat quick pulse of the healthy). The extremest degrees of 
slowness of the pulse (p. monocroto-tardus, Wolff) are accordingly present in psycho¬ 
ses with extremely low temperature. For further information in regard to this, see 
Wolff, 1. c.; and AUg. Zschr.f. Psych., XXIV., pp. 409 et 580; XXV., pp. 305 et 730. 

All facts tend to prove that the manner of the vibration of the arterial 
wall is influenced by diverse factors, as blood-pressure, size, repletion, fre¬ 
quency, hardness, tension of the pulse, and that the exceedingly various 
conditions of the pulse cannot be explained by one single cause. At any rate, 
the conditions of excitability of the centres of the vaso-motor nerves concur 
very considerably in their origin ; but the closer connection is not under¬ 
stood. iVIost important, for the study of fever, of the facts gained through 
sphygmography, is the demonstration of a moderate dicrotism of the pulse 
in healthy persons with normal temperature, which becomes with febrile 
increase of the body-heat through the described changes in the descension 
line of the pulse-curve so distinct and characteristic, that even the finger is 
able to detect it readily. 

Changes in respiration occur in all diseases attended by fever, not 
only in those of the respiratory organs. 

Above all, the number of respirations is increased, occasionally quite con- 
siderably. It is under otherwise similar circumstances, different according 
to the intensity of the fever and to the age, as also to the sensitiveness and 
hardiness of the persons examined. With average height of temperature a 
robust adult breathes 20-30, a child 30-40 times a minute; with high tem¬ 
peratures the former 30-40, the latter to GO times ; younger children breathe 
still more frequently. Robust individuals with extensive thorax and little 
nervous excitability present even in high fever not rarely only an inconsider¬ 
able increase in the respiratory frequency, while in feeble persons with 
excitable character of the fever, respiration may become exceedingly fre¬ 
quent and dyspnceaic, without the presence of pulmonary or cardiac affections. 

Already, on account of the circumstance that increased warmth in¬ 
creases the excitability of the nerves and of the functions generally, it is 
probable that it is capable of producing per se an increased frequency of 
respiration. Furthermore, the intimate relations between the former and 
the latter, meaning that the change of respiration in fever is the conse¬ 
quence of increased body-heat, are proven by those cases of disease in 
which, without any affection of the respiratory organs, it rises and falls with 
the daily fluctuations of the latter, as well as by those in which with 
a decided affection of those organs, e.g., in croupous pneumonia, it falls 
from considerably increased numbers to the normal with the critical defer¬ 
vescence, without the exudation having changed in any way. The same 
power of decreasing the respirations is possessed by all means of abstracting 
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heat, of reducing sufficiently the febrile increase of body-heat; and that in 
proportion to the degree of decrease of the temperature. In the same way, 
artificial increase of the body-heat produces a simultaneous considerable 
increase of the respiratory frequency ; with the cessation of the tempera¬ 
ture-increasing influence the number of respirations rapidly falls to the nor¬ 
mal. 

If Ackermann (I). Arch. f. kl. Med ., II., p. 300) held an artificially strongly 
heated and extremely rapidly breathing dog in cold water, the respiratory orifices 
alone remaining out, or if he cooled him rapidly by some other means, the normal 
frequency of breathing was just as rapidly (in several minutes) re-established. The 
same happened if he injected cold defibriuated blood in not too minute quantity 
rapidly toward the lungs into the jugular veins; but if he employed for this warm 
blood, it did not occur. In high temperature of the animal artificial respiration has 
no great influence upon the frequency of its independent respirations, not even when 
in consequence of the inflation of air the blood in the veins shows a light red color; 
while through artificial respiration in low temperatures of the animal the breathing 
is reduced in frequency, and is even brought to a stand in the usual temperature. 

Even if it appears, in accordance with all the facts, that the increase of 
respiration in fever is caused by i*ise of the body-lieat—and it is not proba¬ 
ble that there are any other factors in fever—we do not mean to assert that 
there are not accessory elements having a certain influence. In some dis¬ 
eases such elements are easily recognized: such, for instance, are the hin¬ 
drances to respiration which interfere with the exchanges between the blood 
and atmospheric air, such as occur in diseases of the respiratory passages ; 
and also in inflammatory changes, and particularly when a pain occurs at 
the height of inspiration. 

The type of respiration is not altered by the occurrence of fever, as such ; 
in the beginning of the disease, in well-nourished persons, the depth of 
inspirations is often increased. Usually, with the appearance and progress 
of febrile emaciation and exhaustion, they become more superficial owing to 
weakness of the respiratory muscles, and thereby there are not rarely pro¬ 
duced hypostatic affections of the bronchi and lungs. 

IIiegei., ( Atherribe>ocgungen , Wiirtzb., 1873) noticed in observations made upon 
fever-patients by means of the stethograph, very often great irregularity in the indi¬ 
vidual respirations ; deep ones succeeding in a wholly irregular manner to superficial 
ones. There occurred, repeatedly, short or long pauses in the breathing, as well as 
disorder in the relative duration of inspiration and expiration. He, consequently, 
denies the existence of a constant change in the mechanism of breathing in fever. 

The observations of Leyden (D. Arch. f. kl. Med ., VII., p. 536), made by 
another method, in which by means of resistance of the apparatus the volumes of 
air expired during a quarter of an hour was directly measured in febrile and in non- 
febrile states, showed a notable increase in amount of air breathed in fever; in the 
proportion of lf-1^ : 1. The mean measurement obtained from all the observa¬ 
tions corresponded with that of each series of observations. 

In the last few years the excretion of carbonic acid from the lungs in 
fever lias been studied with especial care, because it was thought that by 
this a measure for the estimation of the amount of tissue-metamorpliosis 
might be obtained. 

The following results have been obtained by physiological observation, and they 
bear a certain relation to the events in fever (consult Wundt, Physiologic , 3 Aufl., 
1873). The stay of an animal in air of a temperature which increases his body-heat, 
increases, during the greater frequency of the respirations, the excretion of carbonic 
acid, and the absorption of oxygen. On the contrary, in a temperature which dimin¬ 
ishes the body-heat, the amount of C0 2 expired is lessened; but in this case the 
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decrease in the absorbed O is not proportional, but the oxygen, at the first dimin¬ 
ished, is notably increased after prolonged action of the low temperature. Slight 
variations of temperature, such as do not affect the body-heat, appear to have no 
effect upon respiratory processes. As a rule, the amount of CO, is increased in more 
frequent respiratory movements. With deeper inspirations, the absolute quantity of 
CO., expii-ed is increased, while the relative proportion of CO., in the expired air 
is diminished; because a larger volume of air can diffuse more carbonic acid than 
a smaller, and at the same time a larger volume of air becomes more slowly saturated 
with the gas. In general, the amount of expired CO-, increases with the amount of 
carbon in the food. Among the substances which contain much carbon, the carbo¬ 
hydrates which have more O in their composition cause the excretion of much more 
CO than do the fats and albuminates which contain less O. This is probably owing 
to the fact that the 0 contained in carbo-hydrates requires their H for the forma¬ 
tion of water, so that the whole of the inspired 0 can be used for the combustion 
of the C into CO,; while the albuminates and fats containing less O are split up into 
products of oxidation which are poorer in 0 than CO.,, and pass into other excretions. 
The taking of food usually produces an increase in the excretion of CO,, beginning very 
soon after a meal, reaches its maximum in 2-3 hours, and then decreases. A decided 
decrease in the exchange of gases results from the withholding of food, and if this 
be persevered in so as to cause death by starvation, the excretion of CO, continues to 
diminish with great rapidity, especially toward the close of life. This excretion is 
so much increased by muscular excretion, that it may be rendered even three times 
as great. Correspondingly with the greater exchange of gases, the respirations are 
increased in depth and frequency. 

Leyden (1. c., p. 555) found in fever, together with decrease of the percentage of 
CO, in the expired air (on the average in the relation of 3 in the feverish to 3£ in the 
non-febrile state), because of the greater quantity of the air, an increase of CO., in 
the proportion of nearly : 1. This result is obtained from a large number of 
observations on patients affected with different febrile diseases, and is in general 
indisputable, although the method is not faultless, and the individual experiments do 
not appear absolutely demonstrative. 

Liebermeister ( Ibid ., VIII., p. 159) found, in attacks of intermittent fever, that 
the production of CO, was greater during the apyrexia, although the difference was 
not striking. He was unable to determine a constant relation between degrees of 
temperature and the excretion of CO,. Shroder also {Ibid., VI., p. 385) observed an 
increase of CO, in fever, as much as 57$ according to Senator’s calculation. 

Senator estimates that the increased excretion of CO, amounts to 57$ of the 
normal at the farthest, and as a mean quantity 37$. This excretion must, however, 
by no means be taken as equivalent to increased production of CO,, for iu fever cir¬ 
cumstances are very favorable to excretion (increased ventilation of the lungs by 
accelerated breathing, increased diffusion, etc.). 

A critical increase of expired C0 2> comparable to that of urea, has 
not yet been observed. 

According to Senator ( Fieberltft. Process., Berlin, 1873), this is to be explained 
by the facts that in man during fever the conditions are more favorable for the 
Separation of CO, than for the excretion of urea, because an accumulation of sub¬ 
stances rich in C and devoid of N does not take place. 


Lastly, the evaporation of water from the lungs is increased in fever, 
inasmuch as the volume of expired air is larger and warmer than that of 
the non-febrile state. 

The phenomena in the digestive apparatus in febrile diseases, which 
are chiefly interesting to the practitioner, have been as yet but little 
studied. 

The function of digestion is so much disordered that, usually, the appe¬ 
tite is diminished or wholly lost, the thirst is increased, constipation is 
present. At the commencement of fever, chiefly in children and in dis¬ 
eases which are ushered in by a chill, and also shortly after preceding 
ingestion of abundant food difficult of digestion, severe vomiting, occurring 
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once or more, is present, and tends to divert the physician’s attention from 
the disease itself. This easily destroys the appetite entirely, whereas, in 
children, moderate vomiting at the beginning of febrile diseases often 
exerts a favorable influence, and under certain circumstances is to be 
encouraged. Occasionally in the first few days even of a quite severe fever 
the appetite is unchanged, as, for example, in the relapses of typhoid 
fever it may even be excellent; though in such cases vomiting is easily 
induced, and complete anorexia ensues. Occasionally the appetite is toler¬ 
ably well preserved during the whole duration of the affection, and there 
may be longing for substantial articles of food, the gratification of which 
a cautious physician will delay and restrict. For it is the rule to see, 
after the ingestion of large quantities of food, perhaps against the patient’s 
inclination, symptoms of dyspepsia or even of gastric catarrh. All facts 
go to show that fever exerts considerable influence in diminishing and 
destroying desire for food, and in disordering digestion. The disorder of 
digestion is in a measure intelligible, if we recall that all secretions, and 
most probably all of the digestive fluids, are diminished in quantity and 
quality. The diminution of appetite cannot be satisfactorily explained, as 
long as we are not better acquainted with the physiological mechanism of 
hunger in the healthy state: we must be contented to designate the dis¬ 
like for food as an instinctive feeling, which is likewise present in many 
other disorders of gastric digestion. After the cessation of fever, or 
toward the close of the febrile period, the appetite and digestive power 
return, if there exist no gastric or intestinal disease. 


The question, so all-important for rational therapeutics, whether the secretion of 
digestive fluids is diminished and altered, has hitherto been studied in a very insuffi¬ 
cient manner. Undoubtedly, the only irreproachable though exceedingly difficult 
method to determine the question of the activity of the digestive organs in febrile 
conditions, consists in careful weighing of the nitrogenous and non-nitrogenous foods 
given to the fever-patient, and in a not less careful and exact analysis of the faices of 
the patient. 

Hitherto various opinions, untenable in many respects, have been held on this 
question, because the erroneous results of old experiments and observations (Beau¬ 
mont) upon gastric digestion were applied without reserve to digestion in general. 
Besides, absolutely contradictory observations were made: while by means of gastric 
fistulce in man and animals (Schiff and Beaumont) it was noted that the activity 
of the stomach was either diminished or abolished in fever, the more recent investi¬ 
gations of Pavy, Hoppe-Seyler, and others, by means of infusions of the gastric 
mucous membrane of men who had died of fever, showed preservation of the 
digestive power. The causes of these contradictory results lie in the methods em¬ 
ployed. Manassein {Virchow's Archiv , LV., p. 413) procured “natural gastric juice” 
by means of sponges swallowed and withdrawn, and made “artificial gastric juice ” 
from the well-washed gastric mucous membrane of the same animal with the addi¬ 
tion of dilute hydrochloric acid. In the course of his investigations, he found that 
the natural feebly acid gastric juice of a feverish animal (with septicaemia) had 
much less digestive power than the more acid secretion from a healthy animal. The 
assumption that in the above-named fever the pepsin is thrown out without an ac¬ 
companying proportionate amount of acid, is in agreement with the opinion that the 
two substances are produced in different parts of the stomach; a view which is 
supported by many other facts. In the “ artificial gastric juice” of feverish animals 
lie found that fibrin was better, and albumen not as well digested as in artificial 
gastric juice of the healthy animal. In this connection it should be noted, that the 
gastric infusion from the feverish animal was slightly though constantly more acid 
than that from the healthy animal ; although the latter had previously furnished a 
large amount of “natural gastric juice.” According to M. the administration of 
acids improves the digestion of animals. 

Of the other digestive fluids only the parotid secretion has been carefully 
studied. 
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Mosleu often tried to test this in febrile diseases, obtaining it by means of a 
canula inserted in Steno’s duct. This was, nearly always, in small quantities, and, 
especially when distinct digestive disorder was present, of acid reaction, though it 
was not possible to determine the free acid lie supposes that owing to the increased 
tissue-metamorphosis in fever the epithelium of the gland-ducts is cast olf more 
rapidly, and that the acid reaction is produced by chemical changes within the cells. 
In the normal state, according to Ordenstein, the saliva from the parotid gland is 
constantly alkaline, and only in the fasting state does it regularly show an acid or 
neutral reaction. In other cases M. was unable, although using all means to excite 
the secretion (irritation of the buccal mucous membrane, masticatory movements), 
to obtain a single drop of liquid. It would seem as if the secretions were often 
wholly abolished, as it would seem right to infer from the simultaneous dryness of 
the mouth and pharynx. The introduction of a canula is of practical importance, 
according to M., for the removal of obstruction in Steno’s duct and of accumulated 
secretion, an important cause of parotid inllammation in severe febrile diseases, 
especially typhoid fever. 


Seldom does fever exist without an increase of thirst ; and this may 
be so great that ordinary drinks (cold water, lemonade) afford relief only 
for a few minutes. This state is not caused by febrile desiccation of the 
body. It is partly dependent upon the severity of the buccal and pharyn¬ 
geal catarrh, which accompanies every intense fever, as well as upon 
changes in the gastric mucous membrane. Dryness of the mucous mem¬ 
brane of the mouth, particularly that of the tongue, and its consequences, 
are usually relieved by early and carefully done cold-water treatment of 
the fever. The direct dependence of the dryness of the buccal mucous 
membrane upon the height of the temperature is demonstrated by the effect 
of severe collapse, as, for instance, upon the occurrence of intestinal 
haemorrhage in typhoid fever; in which case the tongue becomes moist 
when the temperature falls, in spite of depletion of the vascular system, 
and only becomes dry again when the fever again increases. 

Constipation is the rule in fever, except when increased mucous secre¬ 
tion is produced by catarrhal inflammation of the intestines. The consti¬ 
pation is most probably the result of diminished ingestion of food, and 
consequent weaker peristaltic action of the bowels; though, probably, 
a primary lessened secretion of intestinal fluids may also act as a cause. 

Evaporation from the surface of the skin is changed in every case of 
fever, and without doubt this condition is one of the important means of 
moderating the febrile state. Evaporation takes place either insensibly 
(insensible perspiration), or appears in the form of sweat. Both forms, 
insensible evaporation and sweating, are identical in kind, though different 
in degree and appearance; sweat being the expression of the greatest 
amount of cutaneous secretion, in the shape of visible drops. 

Among the three modes of exhalation of water from the body, that by the 
skin is the most variable, even subject to incessant fluctuations, while the 
pulmonary exhalation is less, and the renal excretion least subject to dis¬ 
turbance by external and internal conditions. The relations of cutaneous 
exhalation to the body-heat and to the frequency of the pulse are very inti¬ 
mate. On the average it rises and falls in the same ratio as the two last, if 
no special factors, such as local applications of cold, destroy the uniformity 
of the conditions ; it increases in very various degrees with the progressive 
elevation of the average normal temperature. In fever, on the contrary, 
the amount of perspiration depends less upon the degree of temperature 
than upon certain peculiarities of the disease : we consequently often observe 
sometimes a dry, sometimes a wet skin, with high body-temperature. For 
instance, the skin is dry in the cliill-period of fever, in the majority of cases 
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of typhoid fever, of pneumonia, scarlet fever, the eruptive fevers in general; 
it is found covered with sweat, frequently in equally considerable elevations 
of temperature, in acute rheumatism, puerperal fever, miliary tuberculosis, 
etc. The most copious febrile sweats are observed in the stage of defer¬ 
vescence, more especially if this take the form of crisis, though not rarely 
also with the morning falling of temperature of lysis, as, for example, in 
typhoid fever, and in hectic fever. The best known is the abundant secre¬ 
tion of perspiration in the sweating stage of malarial intermittent fever, and 
in the crisis of pneumonia. In spite of these facts, it cannot be assumed 
that there exists any immediate relation between the secretion of sweat 
and febrile heat. The fall of temperature of crisis is by no means the con¬ 
sequence of the critical sweat, since, as a rule, the temperature begins to 
diminish and continues to do so for a while before the secretion appears; 
and, besides, the amount of heat which is taken from the body by the eva¬ 
porating water is not large enough to account for such a view. At the 
most, only a moderate influence on the lowering of temperature can be 
attributed to it. And, on the other hand, an abundant sweat is as little 
the result of a great lowering of the temperature as dryness of the skin is 
the result of a highly febrile condition. It is presumable that the amount 
of cutaneous exhalation essentially depends upon certain changes and pro¬ 
cesses in the nervous system which are in close relation to animal heat, just 
as under physiological circumstances; partly upon the presence or absence 
of certain chemical products of metamorphosis. 

While many (Weyrich, Unmcrfcl. Wasserverd., 1862) do not think it necessary to 
assume the existence of a secretory apparatus other than the general surface of the 
body to account both for the sweat and for insensible perspiration, it is not probable, 
in Leyden’s opinion (1). Arch. f. klin. Med., V., p. 366), that the sweat is only an 
increase of the perspiration through the walls of bloodvessels. Much more probably 
it is to be considered as a true secretion, influenced by other factors than the mere 
afflux of blood. In the heat of fever, while the vessels of the skin are enlarged and 
filled with blood, sweating is not observed. At any rate, the occurrence of an impor¬ 
tant increase of cutaneous secretion cannot be assumed in fever. 

Neumann ( Inaug. Dias., Dorpat, 1873) finds,—in opposition to Frey (Dorpat. med. 
Zeitschr., 1873, Bd. III., p. 233), who holds that an increase of insensible perspiration 
in fever is very possible but not necessary, and who does not see any parallelism be¬ 
tween the height of the temperature and perspiration,—after experimenting on dogs 
in whom fever had been induced by the injection of putrid substances, that there 
constantly appeared an increase of insensible perspiration with an increase of tem¬ 
perature, and he claims that a parallelism does exist. Pudzinowitsch (Med. Centrbl., 
1871, No. 14) came to dissimilar conclusions. 

Upon the question of the chemical, composition of febrile sweat in particular, 
investigations have as yet given no results worth naming. It is not yet certainly estab¬ 
lished that the sweat always contains urea (J. Ranke, versus Favre, Funke, L. 
Meyer, H. Meissner). Even if this statement should be verified, the amount of 
the substance remains wholly unknown. It is presumable that considerable amounts 
of urea can leave the body in this way ; at least it has been repeatedly observed that 
on days in which copious sweats occurred the amount of urea excreted by the urine 
was much reduced from the usual quantity, and it has been surmised that the balance 
had been carried away with the perspiration. Occasionally, also, the surface of the 
body has been seen covered with a crust consisting of urea, after the evaporation 
of profuse sweats. 

With regard to the excretion of carbonic acid through the skin, it is 
known that its quantity is not at all comparable to that excreted by the 
kings. 

Aubert and Lange (Arch. f. d. ges. Phys., 1872. VI., p. 540) calculated from their 
experiments that its amount in twenty-fours reaches a maximum of 6.3 grin., a mini- 
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mum of 2.3 grm., and a mean of 3.87 grin.,—to be raised to 4 grm. if the head be 
included in the estimation. The temperature of the external air exerts an undoubted 
and very great influence upon this exhalation: the higher the temperature the more 
CO . is separated. The following table exhibits the daily amounts of exhalation in 
one experiment : 


In air at 29.6° C. the amount of C0 2 was 2.9 
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And the observer was as comfortable while naked during the experiment in air at 30’ 
C. as when clothed in air at 19’ C., while 31° C. and 32° C. proved disagreeable, 
though inducing sweating. The cause of this increased exhalation in higher tempera¬ 
tures lies in the distention of the capillaries of the skin and increased flow of blood 
through them. Reinhard ( Zeitschr. f. Biologie, 1809, V., p. 37) estimates the amount 
of CO., exhaled from the whole skin, upon the basis of the quantity determined to 
escape from one arm, at a mean of only 2.23 grm. Sciiarling {Journal f. prakt. 
Chem ., XXXVI., p. 455 of year 1845) and Rohrig (Deutsche Klinik , 1872, p. 209) 
obtained much larger quantities ; the former about 32 grm., the latter 14-19.5 grm. 
per diem. 


Better investigations have been made upon the subject of the collec¬ 
tive insensible losses through the skin and lungs. Compare what is said 
further on about the body-weight. In general the increase in the losses is 
permanent. 

According to Senator ( Fieberhft. Process., .1873, p 127), the loss of water consti¬ 
tutes a somewhat larger part of the total loss, although the proportion of carbonic 
acid is very important. The following are the most reliable figures on the subject; 
whereas the total loss increases (in fever) by 43 per cent. (Leyden), the C0 2 , under 
favorable circumstances, increases by 37 per cent, at the farthest. 


The urine, in persons who were previously healthy and strong, is often 
secreted in smaller quantities at the beginning of an attack of fever; it may 
be reduced to 800 C. cent, (one-half the normal) and less. Its amount is 
seldom quite normal, even more seldom actually increased: both of these 
states occur with some degree of frequency for a while at the acme of a 
febrile state, although the ride is that the urine is diminished in this period 
also; this exception to the rule is observed only in febrile attacks of short 
duration, as, for example, in ephemeral fever, and in paroxysms of inter¬ 
mittent fever. In general it may be stated that constant diminution of the 
daily amount of urine indicates that the disease is increasing in intensity, 
while its steady increase has a contrary meaning. In other respects, the 
relation of the amount of urine to the period of the fever is very variable, 
and a general statement respecting this cannot as well be made as in l'egard 
to the amount at the height of the fever. Exact analyses of the urine have 
shown that the reduction in the amount of urine depends upon diminished 
excretion of water by the kidneys. 

What is the final cause of this lessened excretion, whether it is diminution of the 
blood-pressure, a nervous influence, etc., is not certainly known. The marked in¬ 
crease in evaporation from the skin which accompanies increased body-heat, undoubt¬ 
edly exerts a considerable influence, and it is presumable that a larger amount of 
perspiration cannot co-exist with increased renal secretion, and that in a contrary way 
the extreme renal activity determined by drinking too much, can be reduced. In 
some few diseases with copious exudation, pleurisy for example, the quantity of urine 
is somewhat reduced. 

According to Senator ( Fieberhft. Proc., 1873, p. 124), the amount of urine passed 
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during fever rises and falls in general according to the amount of liquid taken, although 
in fever a smaller part of the ingested water passes out of the kidneys than in non- 
febrile states. This is an important difference between the febrile diseases of man 
and the purulent fever artificially set up in the dog. Exceptions are caused by indi¬ 
vidual peculiarity, by special features of the disease, by morbid states of the skin and 
lungs, etc. 

Naunyn (Arch. f. Anat. Phys ., u. s. w., 1870, p. 175) found in his experiments 
upon dogs in whom he had produced fever, and who drank normally, the quantity of 
watery excretion by the kidneys diminished even more regularly than is the case in 
feverish men. In the period of “ latent fever” (vide infra), before the rise of tem¬ 
perature, the quantity of urine was lessened, not on account of simultaneous increase 
in the exhalation of water by the skin and lungs, but exact weighing showed the 
cause to be retention (of unknown causation) of water in the body. In a few cases 
this retention of water lasted some time longer than the period of latent fever, being 
then succeeded by a copious normal secretion, and consequently increase of the urine. 
This increase takes place about the time of the greatest height of fever, and is never 
so considerable as to justify the inference that there is a marked increase in the total 
amount of urine during the whole course of the fever. SENATOR ( Virch. ArcMv, 
XLV., p. 305) came to similar conclusions. He explains the phenomenon (increase of 
urine at one period) by the separation of more urea, a substance which facilitates the 
transudation of the watery part of the urine. 

The color of fever-urine is decidedly darker, yellowish-red to red, without 
containing blood or biliary pigment; the color is the more marked the less 
urine there is. It is reckoned that there is a twenty-fold increase of urinary 
pigment in fever. It is probable that this dark color of the urine of fever- 
patients is due to the destruction of red blood-corpuscles, whose coloring 
matter has not been completely oxidized previous to excretion. 

Naunyn (Arch. f. Anat., etc., 1868, 4 Hft.) has shown that if a large amount of 
blood-pigment is at once set free in the blood, a part of it may pass out unchanged 
through the kidneys. That this seldom occurs in fever, is owing to the fact that the 
destruction of red globules takes place gradually and in all parts of the circulatory 
apparatus. 

According to Jaffe ( Virch. Arch ., XLVII., p. 405), the urine of man constantly 
contains a red pigment, which he calls urobilin, and which is characterized by a pecu¬ 
liar spectral absorption-band, and in its solution a strong green fluorescence may be 
produced. It is derived from the bil^, of which it is a constant constituent, though 
it is uncertain whether it is related to the other biliary pigments. Urobilin is present 
in much larger quantities than normal in all febrile conditions, especially in those 
which are accompanied by the secretion of scanty, concentrated, and dark urine. 

Various opinions are held upon the question of the amount of free acid 
in the urine of fever. J. Vogel almost never found it increased, as a rule 
it was diminished ; Unruh, on the contrary, always observed an increase of 
its absolute quantity, at least at the acme of acute febrile diseases. 

In spite of diminution of the salts of urine in consequence of the taking 
of less solid food, the specific gravity of the urine of fever is, as a rule, 
increased, usually to more than 1020, chiefly by increase of urea. 

It is now firmly established, by numerous recent investigations, that in 
fever the nitrogenous constituents of the urine are excreted in greater 
quantity, at least in comparison with the amount separated in health under 
similar conditions of feeding; and it is very probable that this increased 
excretion, which is more or less great according to circumstances, goes hand 
in hand with the fever-heat. This is now tolerably certain with respect to 
urea. 

The difference in the excretion of urea, in and out of the febrile period, appears 
most distinctly in those diseases which last only a short time, and in which a high, 
temperature is quickly followed by a fall to the normal. Thus, particularly in inter- 
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mittent fever, in which the febrile excretion of urea was first studied by Tr.vube and 
JociIMVNX, afterward by H. Ranke, Uiiee, and others. However, some contradic¬ 
tory results have been obtained, according to which the greatest amount of urea is 
separated on the day when fever is absent, as advanced by Griesingkr and Ham¬ 
mond. SciIui.TZEN at last showed that nearly always the increase of urea was not 
marked on the day of fever, or on that of apyrexia, and that the opposite conclusion 
depended more or less upon accidental circumstances. Contrarily, SIDNEY Ringer 
had already, by means of observations upon the temperature and urine every quarter 
of an hour, demonstrated anew the most important facts bearing upon this question : 
showing that the excretion of urea becomes greater even before the period of chill, 
that it reaches it maximum in that period, begins to decrease in the period of heat, 
and falls rapidly in the sweating stage. If, as HurrERT has done {Arch it der He ilk ., 
VII., p. 43), we take the hourly mean of his (Ringer’s) analyses of urine in the 
various stages, dividing the period preceding the chill into two parts according to its 
length, we obtain the following : 



Amount of urine, 

Urea, 

Na Cl. 


C. cent. 

grm. 

grm. 

Before the chill. 

(41 

. ) 60 

0.969 

1.224 

0.073 

0.226 

Period of chill. 


1.545 

0.290 

“ heat. 

.60 

1.339 

0.167 

“ sweat. ... 

.50 

0.587 

0.083 


The increase of urea in the chill-period, which may reach a quantity triple of that 
excreted before, can, according to H., be dependent neither upon food nor drink, but 
is undoubtedly in close relation to the elevation of body-heat. It is. furthermore, 
interesting that the amounts of urine and chloride of sodium rise and fall with the 
quantity of urea, a phenomenon already observed. 

Unruh ( Virch. Archiv , XLVIII., p. 268) noted, in numerous observations, that, 
exclusive of the few cases in which on account of peculiar conditions the amount of 
urea is not increased, the amount of increase is variable in severe fever, and may 
oscillate between 1.06 and 3.07 times the normal quantity. The average amount 
obtained by him was 30.576 gnu., or 1.7 times the normal quantity in the fasting 
state. 

According to Huppert (1. c., p. 37), who gives a very careful collection of numerous 
old and recent observations, the estimates of excretion of urea in febrile states (medi¬ 
cal and surgical cases) may be summed up as indicating that more of this substance 
is produced than in the healthy state, in spite of the impaired nutrition in fever, and 
that the amount of urea separated may be taken as an index of the height of the 
fever. The more carefully the temperature is taken the more the correspondence 
pointed out above between it and the amount of urea produced is made apparent. 
The correctness of this last statement has been called in question, while no important 
objection has been urged against the former. Unrcii ( Virch. Archiv. XLVIII., p. 
273) raises the objection that even with (hardly practicable) constant measurement of 
the temperature, supposing that this exhibits fluctuations, it can never be exactly 
determined what is the relation between the varying amounts of urea contained in 
urine voided from time to time and the varying degrees of body-heat. Besides, it 
must be remembered that with the above method the errors produced by the taking 
of food and drink are rendered more glaring: in the period of remission the amount 
of urine is diminished because of less thirst, and in the period of exacerbation it is 
increased because of the opposite state. U. consequently thinks that it would be 
better, instead of making numerous measurements in one day on one individual and 
comparing the various stages of the fever, to estimate the relation between the urea 
excretion and the height of temperature with reference to the relation, in other indi¬ 
viduals, between nutrition and production of urea. 


If it be correct that the amount of urea excreted corresponds to the 
degree of temperature, then this excretion must be greater in severe con¬ 
tinued fever than in a more moderate one, and falls of temperature must be 
accompanied by simultaneous and corresponding diminutions in the amount 
of urea. These deductions are not always verified by observation. In 
some cases an impaired state of nutrition before the fever will suffice to 
keep the excretion of urea down to a minimum, even during high fever. 
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Again, this excretion may be larger (with abundant sweating) in mild fever 
than in severe and continued fever. Furthermore, there is observed, es¬ 
pecially at the beginning of the fever, a remarkably small excretion of urea 
in proportion to the height of temperature, while on the following days, 
with the same temperature, the urea may reach a remarkable amount. The 
opposite may also be met with, though rarely. 

Sidney. Ringer (vide Huppert, Arch. d. Ileilk ., p. 44' et seq.) has discovered that 
in intermittent fever the increased excretion of urea may appear even before the 
period of chill, in advance of the rise of temperature ; while in the febrile attacks of 
a phthisical person, on the contrary, the urea first increased with the rise of body- 
heat. A pre-febrile increase of urea has repeatedly been observed just before the 
relapse of relapsing fever. 

Lastly, the amount of urea in the period of cessation of fever is often 
greater than in the time of greatest fever ; and in diseases which end criti¬ 
cally there may be, with a perfectly normal temperature, an epicritical 
excretion of this substance, often greater in amount than what was separated 
during the febrile period, but never exceeding the normal. Various opinions 
have been expressed as to the cause of this excessive epicritic excretion of 
urea, which may continue two or three days. A part of the urea thus 
separated may very well have been produced during the period of fever. 

Huppert (Arch. d. Ileilk ., X., p. 50(5), in connection with an attempt to solve this 
question in two cases of relapsing fever in which increased urea-excretion showed itself 
the day after the short elevation of temperature, expresses himself as follows : “ If it 
can be assumed that during the fever ‘stabile organ-albumen’ is changed in such a 
way that it behaves just like ‘movable provision-albumen ’ (‘circulation-albumen’ of 
VoiT) toward the disordered functions of the organism, it follows from the various 
observations that the nitrogenous products of decomposition of this ‘ provision-albu¬ 
men ’ will not be excreted on the day when the fever occurs. Since, according to our 
present knowledge of the time which the nitrogenous ultimate products of albuminous 
substances remain in the body, it is not permissible to assume that they are carried 
away at so late a period in the excretions, we may conclude that during the fever 
either only the transformation of organ-albumen into provision-albumen is completed, 
or that during the fever the organ-albqmen becomes split up into a simpler non-nitro- 
genous product (whence the assumption that it is burnt), and into a yet complicated 
nitrogenous residue which need not be decomposed into other products during the 
prevalence of the great body-heat, but is so split up for the first time in the next 
succeeding period. I am more inclined to hold the latter opinion than the former, 
because the diminution of urea-excretion took place more slowly in E (patient’s 
initial), who was insufficiently nourished, than in H., who was well nourished. Aside 
from the facts obtained directly by observation, that increase of urea-excretion may 
follow the lowering of the temperature and need not take place simultaneously with 
it, it may, furthermore, be inferred that in rapidly repeated (daily) paroxysms of 
fever, the additional amount of nitrogen thrown out does not necessarily correspond 
to the periods of high temperature. In repeated febrile attacks there may occur 
accumulation of nitrogenous substances. ” 

ltiESENFEi.D (Virchow's Arch., XLVII., p. 130) rejects the idea that the retarda¬ 
tion of the excretion of urea can be essentially dependent upon the taking of food. 
For, as this is nearly null in fever, especially in its relapsing forms, and after the 
fever only increases very gradually, there should occur immediately after the fever 
a gradual increase in the amount of urea excreted, which is never the case. VoiT 
has established that the whole of the nitrogen introduced with the food must make 
its appearance in the faeces and urine within twenty-four hours, provided that the 
organism be in a state of equipoised nutrition. This state is not by any means 
present immediately after the cessation of fever ; it is rather to be assumed that the 
condition then existing is like that following a period of inanition. In such a case 
the greater part of the food taken is generally used for the replacing of lost ele¬ 
ments. If the urea excreted in the epicritic period derives chiefly from the food, 
then its quantity immediately after the fever must be relatively small, and it must 
afterward gradually increase. The contrary is, however, the case, and according to 
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the facts observed, this retention cannot be ascribed to greater drinking of water and 
consequently increased carrying off of urea. Consequently, the only possible cause 
of this increased excretion is increased metamorphosis, and, as it cannot be sup¬ 
posed that during the long-continued low, often sub-normal temperature after the 
crisis, an increased consumption of the constituents of the body takes place, the 
conclusion is justified that the increased epicritic excretion of urea is the result of 
the more active chemical changes during the febrile period. R. further states that 
these increased products of metamorphosis originating during the fever, may be 
retained in the organism, to undergo a gradual elimination; and thinks that since 
according to Voit urea cannot be stored up like chloride of sodium, this law of the 
normal state is overthrown during and after the fever, or, what is much more prob¬ 
able, that the nitrogenous products of oxidation during the febrile state do not con¬ 
sist of urea alone, but chiefly of its antecedents, creatin, etc. 

According to Sciiultzen (Char.-Annul., XV., p. 168), the last opinion is inad¬ 
missible, The assumption of an accumulation of products intermediate between 
albumen and urea, is justified by no analogy. The natural forms preceding urea are 
probably the same as those which are artificially obtained by splitting up of the 
albuminates by means of acids and alkalies (viz., leucin, glycocol, and tyrosin ; 
probably also asparaginic and glutaminic acids); the transition-forms between albu¬ 
minates and the above substances, which are produced by treatment with acids and 
alkalies, are substances which have the greatest analogy to the natural peptones, are 
soluble in every proportion in water, and which have an extraordinarily small co¬ 
efficient of diffusion. In conditions in which complete oxidation is prevented (acute 
atrophy of the liver, poisoning by phosphorus) these bodies constitute the ultimate 
products of tissue-changes, and are excreted through the kidneys just as urea is 
under normal conditions. If these products are formed in such quantities, during 
fever, that the process of combustion is not sufficient for their destruction,.there 
must be, in addition to the important excretion of urea, a certain amount or at 
least a small quantity of these substances in the urine. This is certainly not the 
case, however, as analyses of the urine show. The conception of an accumulation 
of nitrogenous forerunners of urea can only be supported by the far-fetched as¬ 
sumption. that wholly abnormal non-diffusible substances are produced in fever. 
The post-febrile excretion of urea is explained by S. in the following manner: 
During the febrile state a part of the organ-albumen passes into the circulation, thus 
entering the sphere of oxidation in the economy, is split up, and oxidized to urea. 
This is probably due to the destruction of a number of those cellular elements which 
are looked upon as storehouses for albumen. In the healthy, VoiT’s nitrogen-equi¬ 
poise exists: in sudden increase of the amount of food albumen is retained in the 
body because the cellular storehouses take up enough albumen to place themselves 
in equilibrium with the more concentrated surrounding fluids; in diminution of the 
amount of food, the circulation-albumen contained in the fluids is oxidized, and its 
diminished concentration causes an outpouring of albumen from the storehouses, the 
flow continuing until the equilibrium is restored between the amount of albumen 
in the circulating fluid, and that in the storehouses. The analogue of increased 
supply of food in the healthy is. in fever-patients, the increase of the circulation- 
albumen by the destruction of albuminous cells; by which are caused: 1, the 
increased production of urea ; 2, an outpouring of albumen toward unchanged cells, 
and other albuminous organs. If the fever now suddenly cease, and with it the de¬ 
struction of cells, a state is produced resembling that present in hungry persons. 
In consequence of the cessation of the febrile destruction of cells, the production of 
urea diminishes, but does not suddenly fall to a minimum, but continues for a time 
tolerably great, because the overcharged albuminous organs must be placed in equi¬ 
librium with the circulating fluids before the organism can take up more nitrogen 
than it can excrete. A fever-patient consequently is just like a person undergoing 
fattening, but upon the cessation of the fever he resembles a starving one, with the 
difference, that the fever-patient subsists upon his own materials, and that when the 
fever ceases this source of food is exhausted. 

Unruii ( Virch, Arch.., XL VIII., p. 284) considers it probable that for a short time 
after the crisis increased oxidation of albuminous substances goes on, although the 
whole amount of urea cannot be thus derived. The assumption of the retention of 
excretions, or of imperfect products of oxidation, which is rejected by Sciiui/i’ZEN, 
is held by U.,‘in agreement with Riesenfet.d, as necessary to the explication of 
increased epicritic excretion of urea. Besides, U. rejects the hypothesis that this 
process can be caused by the absorption of an exudation, as in pneumonia, for ex¬ 
ample, especially as the same phenomenon is observed without preceding exudation, 
as in exanthematous typhus, erysipelas. Against a possible increased absorption of 
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nutriment as a cause, is the very small and not increased excretion of chloride of 
sodium. Waldeyeh ( Virch.-IIir.sch , Jahrb. , 18(51*. I., p. 2:3(ij remarks in this con¬ 
nection that it must not be forgotten that in all acute febrile diseases, even those 
which seem to go through their whole course without any apparent exudation, a 
large amount of lymphoid corpuscles is deposited in the various organs and tissues, 
especially the liver, spleen, kidneys, etc., in certain mucous membranes, and also in 
the external skin ; which exudation is absorbed in the epicritic stage : but as yet 
there is nothing to indicate how rapidly these bodies are removed from the tissues. 

Naunyn (Arch. f. Aunt ., u. s. w., 1870. p. 177) finds that the assumption that 
the post-febrile increase of excretion of urea is to be referred to an over-saturation 
of the tissues with urea produced during the fever, is not to be rejected as inadmis¬ 
sible, as it has not been shown by investigations directed to this subject that such 
an accumulation of urea does not take place, or in what amounts it does occur. Up 
to the present time there is nothing based on facts which can serve as a standard for 
the determination of the time required for the elimination of the urea produced in 
organs : neither the processes of digestion, nor the experiments of VoiT on feeding 
with urea, can solve the question. N.’s experiments with feverish dogs, which, on 
account of the almost irremediable irregularity of the dietetic conditions in man, 
and of the very variable amount of aqueous exhalation from the human skin, and 
the consequent irregularity in the excretion of urine and urea, must be considered as 
of more value than observations on men,—these experiments indicate that the 
post-febrile increase of urea-excretion is caused entirely by retardation of the excre¬ 
tion. Their number is too small to decide the question; but they make caution 
necessary with regard to conclusions upon the theories of metamorphosis in fever, 
based upon observations on man. 

The fact of post-febrile increase of urea was first determined by Bartels [Greifsw. 
med. JBeitr. , 18(55, III., p. 3(5). B. explained it simply by incomplete escape of the 
urea formed and stored up in various organs. (He produced the fever in his experi¬ 
ments artificially by means of the steam-bath.) 

In a protracted crisis the epicritic increase of urea does not appear so 
evident, and this is the more marked the more the cessation of fever ap¬ 
proaches the type of lysis, when a slow gradual decrease of urea is sooner 
established. This decrease, in the remittent stage of typhoid fever, in 
which it is constantly observed, seems to depend in greater part upon the 
inability of the organism exhausted by continued fever, to oxidize consider¬ 
able parts of its own constituents, as then the excretion of urea occasion¬ 
ally falls far below the normal ahnount. 

Thus Unkuii has met with an excretion of about 14 gnu., and once only 9 grm., 
of urea per diem at the close of a typhoid fever (toward the end of the third week), 
whereas previously 20-30 grm. had been eliminated. 

Observations have also shown that even if under certain conditions dur¬ 
ing short periods of time the influence of a febrile body-heat upon the 
excretion of urea is unmistakable, this influence is during the entire course 
of a fever often concealed by a number of circumstances, and its existence 
has been seemingly rightly denied. Such circumstances are the original con¬ 
ditions of nutrition and its alterations during the fever, sometimes simply 
by its long duration, sometimes by a disturbance in the processes of oxida¬ 
tion caused by the fever, as occurs in quick falling of the temperature, and, 
lastly, by various peculiarities in individual diseases.* 

Uric acid, the nitrogenous ingredient of urine which is next in impor¬ 
tance to urea, is also increased in fever, and in about the same proportion 
as urea ; so much so, that the normal relative amounts of the two substances 
(1 : 40-70) are not altered. But little can be said with exactness upon the 
causes of increased excretion of uric acid, because besides the conditions 


* Ringer’s researches on the state of the urine in fever (vide p. G39) will be found 
in Med.-Chir. Trans., 1859, p. 360; 1802, p. 111 .—[Ed.J 
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of nutrition and the other circumstances which influence these paration of 
urea, there are other influences, such as, especially, the greater or lesser 
completeness of the oxidation of organic substances, or a relative insuffici¬ 
ency of respiration, causing an independent increase in the formation of uric 
acid. The causes of disproportion between the supply of oxygen and its 
consumption may consist in wholly different conditions, and they are not 
exclusively to be sought for in anatomical alterations of the respiratory 
organs, or in disturbance of the physiological activity of the motor appara¬ 
tus of breathing. Factors capable of disturbing physiologically sufficient 
breathing may consist in peculiarities in the distribution of the blood, and 
in faults of its composition, and their effects are first made apparent when 
(as in fever, or severe bodily exercise) the waste of tissues is increased. 
Furthermore, it is well known that the frequent uratic sediments found in 
the urine of fever patients, and the deposit of crystals of uric acid do not 
depend upon increase of production of uric acid in the body. 

H. RANKE ( Beob ., etc., uber Hams., M inchen, 180S) estimates the amount of uric 
acid excreted by a healthy person taking mixed food, at a mean of 0.648 grm. (from 
0.455 to 0.875 grm.); and its proportion to urea at from 1 : 41 to 1 : 63. In attacks 
of intermittent fever he ascertained that there was increased excretion. Unruii 
( Virch. Arch., XLVIII., p. 269) found as a maximum, without any distinct disturbance 
of respiration, 2.169 grm. per diem : that is to say, an increase 3.36-fold the normal; 
although occasionally there occurred in fever a diminution below the normal, just as 
in the case of urea. Apart from these exceptions, the limits of increase lie between 
1.19- and 8.33-fold the normal ; and the mean of all observations in severe fever 
gives 0.844 grm. equal to 1.66-fold the normal. Consult especially Bartels ( Greifsic. 
med. Beitr., Anhang zu Bd. II., p. 15; and Deut. Arch. f. kl. Med., I., p. 13). 

The remaining nitrogenous ingredients of the urine, creatinin especially, 
ai-e excreted in greater quantities during fever. 

According to Koppe ( Petersb. med. Zeitschr., 1868, XIV., p. 75). the proportion of 
ammonia is increased in febrile states, especially in infectious diseases, the most in 
typhoid fever. It has not yet been determined whether there are constant differences 
in the amount excreted in various stages of the disease. 

Concerning the mineral constituents of urine the following is to be said. 
In all febrile diseases, especially in the acute, the excretion of chlorine 
diminishes rapidly, and often sinks to a minimum, sometimes so nearly 
ceasing that hardly a hundredth part of the normal amount can be found. 
It increases during improvement, and occasionally exceeds the normal in 
convalescence. The causes of this decrease consist in the lessened and often 
lost appetite, and in the diet of the sick which contains but little salt; and 
at times the formation of exudations and transudations containing much 
saline matter exerts an influence. These causes also induce a diminution 
of the amount of saline matter in the blood. Perhaps there is, simultane¬ 
ously, an impairment of the capacity of the kidneys to separate the chlorides. 

An exception to the above rule seems to be in the case of intermittent fever, dur¬ 
ing paroxysms of which the excretion of chlorides is occasionally much increased. 
(J. Vogel, Harnanalyse .) 

The excretion of phosphoric acid also depends partly upon changes in 
metamorphosis, and partly upon the amount which enters the organism. 
Occasionally its diminution in severe fever, and especially in short diseases, 
is insignificant and hardly noticeable. Besides, it is contained in less quan¬ 
tity in the fieces. 
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The excretion of phosphoric acid, according to Mosler, varies in the healthy to 
about 2.5 and 5 grm. per diem; Neubatjer gives the same proportion. It is dis¬ 
tinctly diminished by fasting, food rich in albumen increases it. According to 
Riksknfeld (Harnanal. bei Recur reus, Virch. Arch., XLV1I., p. 130), its amount 
increases and diminishes with that of urea, as VoiT and BisCHOFF had previously 
determined. According to RosenSTEIN (Virch. Archie, XLIII., p. 377) it is very 
doubtful if fever causes any noteworthy increase of phosphoric acid in the urine. 

Concerning the excretion of sulphuric acid nothing precise is known 

On the other hand, potassa-salts are increased in the urine of fever; 
soda-salts diminished. 

According to Salkowski (Virch. Arch., LIII., p. 209), the amount of potassa 
excreted in a day of fever is 3-4-fold that of a non-febi'ile day, and this increase may 
amount to 7-fold what a healthy person on fever-diet excretes. After the crisis the 
potassa is reduced to a minimum, and a renewed increase is observed during conva¬ 
lescence. The soda behaves in just the opposite way: it diminishes to a minimum 
during the fever, and increases soon after the crisis, often so rapidly, that on the 
first day of increase its quantity exceeds the amount excreted on all the fever days 
together. It, therefore, follows the same changes as chlorine, and for similar reasons. 
The behavior of potassa is explained by the greater decomposition of potassa-holding 
tissues in fever (especially the muscles), and also by the destruction of red blood- 
corpuscles. 

Lastly, the amount of carbonic acid in the urine is also increased. 

Ewald (Arch. f. Anat., Phys., etc., 1873, p. 1) observed in relapsing fever, 
typhoid fever, pneumonia, that in the same individual, and under as nearly as possi¬ 
ble similar external conditions (diet, rest in bed, etc.), the amount of CO > in the urine 
was increased from 1.2 to 3.3-fold the amount excreted on days of apyrexia ; thus 
making a parallelism between the excretion of urea and C0 2 

Albumen is found in urine only in very intense fever, and even then 
not regularly: its amount is seldom noteworthy. As a rule, it is only 
after the long duration of such a fever that a moderate albuminuria appears, 
disappearing after the cessation of pyrexia. This albuminuria is caused partly 
by altered conditions of blood-pressure, partly by the transitory anatomical 
changes above described, and it is probable, also, that the diffusion of albu¬ 
men has experienced a change ; though the last is less likely to exist in this 
form of albuminuria. When the urine contains much albumen, and especi¬ 
ally when there is admixture of blood, there is present independent renal 
disease. As a rule in febrile albuminuria there occurs only a moderate 
detachment of epithelium from the urinary tubules, causing cloudiness of 
the urine of pyrexia; and in rather intense grades of fever this may 
amount to symptoms of a slight catarrhal nephritis, with epithelial and 
(few) hyaline casts in the urine. 

That nutrition suffers in febrile diseases, and that in consequence the 
body-weight diminishes, are facts which have long been known, but which 
have only been studied and determined with exactness in recent times by 
regular and repeated weighings. It is a matter of experience that those 
are exceptional cases in which during a febrile affection the appetite and 
digestion remain normal, so as to make it possible to make good the waste 
by increased ingestion of nutritive material. Apart from these cases, there 
must result, simply from disturbance in the supply of food in fever, a dimi¬ 
nution of the tissues of the body, if the appetite and digestion are to various 
degrees abnormal. Besides, various other causal conditions come into play, 
such as disturbed respiration, impaired formation of blood, certain exuda¬ 
tions and losses of fluids, various local affections, especially those which 
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cause copious transudation. The influence of all these factors is by them¬ 
selves only small, but if fever be superadded it immediately becomes 
potent, and the more so the higher the fever is. Consequently we must 
attribute to fever a more important influence, even the greatest influence in 
causing the consumption of the body which goes on during its prevalence. 
Especially striking is the loss of body-weight in severe acute febrile dis¬ 
eases. This is proven to be, usually, a steadily progressive loss during the 
duration of pyrexia. In individual cases, it is not always easy to recognize 
the influence of the fever upon the considerable variations of body-weight 
which are observed, if we make allowance for the variations which normally 
occur in the course of the day, and for the accidental circumstances by 
which it may temporarily be influenced (amount of ingesta, as well as of 
secretion and excretions) ; and there are some cases of slight fever in which 
no loss of weight takes place, and in which, for a time, an apparent slight 
gain occurs. 


According to Leyden (D. Arch, f Min. Med ., V., p. 308), the following are the 
variations of the body-weight in healthy persons and convalescents in the course of a 
day : the least weight is observed in the morning, increases through the day by inges¬ 
tion of food, reaching a maximum after the evening meal, and falling to a minimum 
in the course of the night. In high fever the opposite is the case. Then the maxi¬ 
mum body-weight appears in the morning hours, grows less during the day, and 
reaches a minimum in the evening, to increase during the night. L. explains this 
peculiar condition by existence of great thirst and consequent abundant drinking of 
water during the night: in the day during the remission less water is needed and 
taken. Coinciding with this the excretion of water is diminished, or, at any rate, 
not correspondingly increased. 

Furthermore, Leyden estimates, on the strength of numerous weighings in various 
febrile diseases, that the average daily loss of weight per kilogramme of body-weight 
amounts to : 


5.72 

4.50 

10.00 

5.90 

2.40 


per thousand, in slight fever. 
u “ “ remission. 

“ “ the crisis. 

“ “ “ the epicritic stage. 

“ “ “ the beginning of convalescence. 


The factor which undoubtedly exerts the greatest influence upon these results is 
the exhalation of water from the skin. The loss of weight during the crisis attains 
to double that in the height of the fever (non-sweating period), doubtless only be¬ 
cause of the then extremely abundant secretion of sweat; and the same cause may 
well determine the relatively high figure in the remission. Even in the epicritic 
stage, with the continued tendency to perspiration, the loss of weight is as great as 
during intense fever. The loss of weight continues, though in greatly reduced quan¬ 
tity, during a short period at the commencement of convalescence, although the 
restoration of the normal physical and chemical conditions of the tissues begins 
with the crisis, and nutritious food is taken in the course of the next few days. L. 
explaius these differences, which are not to be accounted for by febrile consumption, 
by assuming that a retention of water takes place in the organism at the height of 
the fever, and states that this is subsequently removed by increased exhalation of 
water. He considers, as favoring his view: the small amount of urine which, in 
spite of great thirst and free drinking, is passed during fever ; the febrile turgescence 
of the fever-patient’s face, as well as the circumstance that it appears most emaci¬ 
ated in convalescence ; and, finally, the demonstrated fact that the blood in fever con¬ 
tains a larger proportion of water. He makes a comparison between the state of 
the patient before and during the crisis, with the above-mentioned described condi¬ 
tion during remission and exacerbation, in which latter so much water is retained 
that an increase of weight may ensue. 

Naunyn (vide supra) also found that a retention of water took place at the begin¬ 
ning of fever, causing, at its height, an increased How of urine. 

On the contrary, according to Senator ( Fieberhft. Proc., 1873, p. 130), it has as 
yet not been in any way demonstrated that the body is rendered richer in water by 
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the febrile process as such, than by similar conditions without fever, e.cj ., in simple 
inanition, to which sufficient regard has not been had in the earlier investigations. 
S. comes to the following conclusions on this subject. An increase of water by oxi¬ 
dation certainly does not take place; its production without oxidation is possible, 
but has not been demonstrated. The excretion of watery vapor is somewhat in¬ 
creased on the whole during long periods, and about in the same ratio as, or in a little 
larger proportion than the CO..; consequently the amount of urine (and other secre¬ 
tions) is smaller. It is as yet undetermined whether during fever there is on the whole 
more or less water given off through the kidneys, lungs, and skin, than in similar 
conditions without fever. A fever-patient may retain water just as well as a healthy 
person, if the loss of water is equipoised or exceeded by the taking of fluid. 

According to Schneider {Arch. f. klin. Cldr ., 1809, XI., p. 131), in some cases 
of traumatic fever the fluctuations of body-heat agree with those in health, the 
minimum occurring in the morning, and the maximum after the evening meal; the 
taking of food, and the excretions on the whole, are smaller. Of the latter (ex¬ 
cretions) the insensible are relatively much larger than in non-febrile states, and 
indeed their increase exceeds the decrease of the sensible excretions, so that the loss 
of body-weight in fever is not simply to be explained by diminished supply, but also 
by the increase of the perspiration. 

Even in chronic febrile diseases the waste produced by the fever is 
generally easily recognized. As long as the fever is to a certain degree 
severe, and there are no long-continued intermissions, the decrease of the 
tissues goes on progressively until death. It is different in moderate fever 
with frequent intermissions. Thus we not seldom meet with cases which 
seem to throw doubt upon the general applicability of the law, that fever 
consumes. In order to understand these exceptions, it is necessary to bear 
in mind all those conditions which, apart from pyrexia, are capable of 
affecting the body-weight. It is easy to understand that in some few 
cases it is not possible to fully appreciate all of these conditions. 

Among the local affections which especially influence the body-weight, 
severe diseases of the digestive organs are to be placed in the first rank: 
cancer of the stomach, sometimes suppurating, severe intestinal diseases of 
small children having diarrhoea, cholera. Among losses of fluids, prolonged 
lactation is one of the most important, supposing that the milk is not sup¬ 
pressed at the beginning of fevers, as is often the case. It is not invariably 
right to speak of continued suppuration as an exhausting event; this is 
true only when there is fever likewise. Especially does this remark apply 
to the loss of fluid by secretion of large amounts of expectoration in con¬ 
sumptives. The wasting of these patients is in much greater part caused 
by the fever; often the pulmonary disease is insignificant, and destruction 
of' lung-tissue as well as suppuration are wholly absent. 

Liebermeister (Prag. Vierte’j ., LXXXVII., p. 11) calls attention to a circum¬ 
stance which is well fitted to vitiate the results of the estimation of body-weight in 
patients, and to lead to erroneous conclusions. While, usually, the increase of 
weight produced by dropsical swelling is not noticeable, it is sometimes so great as 
to double the weight of the body ; and at other times slight oedema of limited parts 
of the body (not merely of the lower extremities) may be causes of error. It seems to 
follow from these observations that, in disease, a not insignificant amount of weight 
may be caused by retention of parenchymatous fluid, without a trace of oedema being 
present; and these are just the cases in which, in spite of all precautions and atten¬ 
tion, false conclusions may be drawn from the results of weighing the body. In 
chronic cases distinct oedema appears after the lapse of some time, and draws 
attention to the source of error; but this is only exceptionally the case in acute 
diseases. 

No sufficient investigation has yet been made to determine how much 
the body-weight may decrease from the beginning of a febrile disease to the 
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beginning of unavoidable death. Among the difficulties in the way are, 
that the weight before the appearance of sickness is as a rule unknown, 
and that toward the close the appearance of oedema not rarely impairs the 
value of the weighings. The assumption of authors, that 40$, or nearly 
half the body-weight (perhaps a little more), may be lost before death 
ensues, appears applicable to some cases; as a rule, however, death is pro¬ 
duced by exhaustion before this loss has occurred. 


Leyden (D. Arch., V., p. 369) estimates the average daily loss of body-weight 
at .1 r f ,; that is to say, at about one-half that occurring in complete starvation 
(Ranke). But if, according to Ciross.vr {Reck, exper. sur Vinanition, 1843). death 
ensues (in starvation) when 40, of the substance of the body has been lost, then the 
febrile waste must, in the course of eight weeks, be so great as to cause death by 
inanition. This agrees quite well with what is observed at the bedside. 

Liebekmkister {Prag. Viertelj., LXXXVII., p. 50) finds that the waste, when 
produced by a chronic fever, may. under certain conditions, be greater than that 
occurring in simple inanition without producing death. For, as in the latter case 
the noteworthy fall of temperature which occurs toward the last plays a most im¬ 
portant part among the immediate causes of death; the facts are perhaps explained 
by admitting that this lowering of temperature is prevented by the fever, just as it 
can be by artificial warming. It is not difficult to admit this, since Ciiossat states 
that fever makes it possible to bear such a loss of substance as would be sufficient, 
in its absence, to produce arrest of heat-production and cause death by refrigera¬ 
tion. 


From wlxat has been said in the preceding pages of the conditions of 
body-heat in disease, its extraordinary importance in the symptom-group of 
fever can readily be appreciated. Under very many circumstances it is not 
merely of scientific, but of practical interest, to know the course of tempera¬ 
ture, because upon such knowledge we can, in special cases, base the most 
important and helping measures. In spite of this great importance of a 
knowledge of temperature-variations, it must not be neglected, in too 
great confidence in the meaning of this knowledge, to devote care to the 
observation of the remaining phenomena of disease, and, more particularly, 
to their agreement or disagreement with the temperature. Their connec¬ 
tions may be very various. For: 1. The change of body-heat often 
depends upon disease of one organ, which offers special symptoms besides: 
it is thus a consequence of a local disease; 2. It is, further, just like the 
local symptoms, a consequence of a general disorder, as, for example, an 
infection or other external influence; 3. If especially great deviations from 
the normal temperature (highest grade of fever, collapse) of themselves 
indicate the existence of marked functional disorder, and, when lasting 
longer, of organic changes, extremely complicated symptom-groups must be 
expected ; 4. Lastly, the influence of countless accidental circumstances 
must be borne in mind, which may or may not appear in relation to the 
temperature. In individual cases it is continually to be considered in how 
much the existing temperature corresponds with the other symptoms of 
disease. If it is seen to be in harmony with them, as clear as possible an 
insight into the state of the patient is obtained, and further diagnostic 
reflection is not necessary. On the contrary, if there be observed a con¬ 
trast between the degree of temperature and the other phenomena, the 
greatest importance is to be attached to the changes of temperature, when 
they are relatively considerable. When the body-heat is less than the other 
symptoms would seem to require, it must be remembered that there are 
diseases in which, as we know by experience, severe symptoms may co¬ 
exist with slightly increased or normal temperature; or that the disease 
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may be at tlie close of a previously more intense course ; and it must be 
considered that accidental or therapeutical influences may have diminished 
the fever. If none of the above explanations can be applied to the case, it 
may be that the reduction of temperature is caused by a complication 
capable of diminishing the body-heat, or by a commencing collapse. 

The contrast of low or of normal temperature, with much complaint of ill feeling, 
should lead the physician to think of simulation and exaggeration, but also of 
concealed (latent) chronic changes, or, when the course of the affection is acute, to 
an insignificant disease, or to such as we empirically know do sometimes develop 
with low temperature : as diphtheria, renal diseases, moderate pericarditis. The 
same condition is possible in advanced critical defervescence. Coincidence of high 
temperature, with good subjective feelings, is not rarely met with in the high fever 
of several infectious diseases. 

A contrast between the temperature and the pulse-hate is very frequent. Slight 
want of corresponden'-ie in the height of both is common ; the pulse often following 
after an improvement in the body-heat, while in worse states it is very likely to 
.advance ahead of the temperature. A low pulse-rate with a high temperature indi ¬ 
cates that the nervous system is calm ; it may also be met with under special conditions 
(as pressure on the brain, action of biliary acids, and of certain medicines). A high 
pulse-rate may be (rarely) normal to the patient; it may be due to the influence of 
muscular movements, and other pulse-exciting influences ; it also may point especi¬ 
ally to acute and chronic cardiac diseases, as well as to injury to the heart by mor¬ 
bid states in the thorax and abdomen. Lastly we meet with greatly increased fre¬ 
quency of the pulse, associated in a very remarkable manner with the low tempera¬ 
tures of collapse, and of impending death. In general, when forming a judgment, 
that factor which of itself gives the gravest indication should be taken as the 
standard ; the more so, the greater the contrast. 

When marked increased frequency of the respiration appears with moderate 
fever, we are to suspect a local affection. This increase is often observed in collapse. 

Between nervous symptoms and the body-heat there is sometimes a certain par¬ 
allelism, sometimes a remarkable contrasting behavior. Children and old people are 
more irritable than healthy adults: when the former exhibit disturbed functions 
with a moderate fever, the latter often have undisturbed functions with a highly 
raised temperature. In this respect, and especially with reference to cerebral dis¬ 
turbance, the individual predisposition plays a great part; marked brain-symptoms 
with fever lead to the suspicion of cerebral disease in an adult, whereas in children they 
in general signify much less. Among others there appear, usually in consequence of 
inanition and consecutive cerebral anaemia, or slight cerebral oedema, dangerous 
brain-symptoms with low temperatures, without symptoms of collapse; especially 
after severe fevers. These symptoms have, as a rule, a much less important meaning 
than has heretofore been attributed to them. 

The explanation of the connection existing between single local symptoms and the 
body-heat, concerns special pathology. 

B. REGULATION OF ANIMAL HEAT. 

One of the most wonderful peculiarities of the human body is that in a 
state of health, and under ordinary circumstances, the heat of its internal 
parts is easily maintained at, or about, 37° C. This is only possible by the 
uninterrupted production of heat replacing that which is also equally con¬ 
tinually given off; or in other words, the normal temperature is the result¬ 
ant of EQUAL supply and loss of heat. If one of these factors prepon¬ 
derate, the body-heat must vary in a corresponding manner; and, thus, it 
rises when the supply of heat exceeds the loss, whereas when the condi¬ 
tions are reversed it sinks. Consequently, a febrile rise of temperature 
may ensue either when the production of heat increases without there 
being a corresponding loss of heat, or when the deperdition of caloric is 
lessened, without there being equal diminution in the production of animal 
heat. 
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The essential sources of heat in the organism are exclusively chemi¬ 
cal processes, based upon the oxidation of nitrogeneous, and especially of 
non-nit rogeno us substances. The production of heat in an adult during 
twenty-four hours is estimated at 2^—3 millions calorics.* (By the term 
“ caloric ” is understood the amount of heat which is required to raise the 
temperature of 1 grin, of water by 1° C.) 

It is well-known that heat is set free if two substances enter into chemical combi¬ 
nation. The amount of heat liberated in the combustion 

Of 1 grm. C into CO. amounts to 8,086 calorics (according to Favke and Silberman). 
“ 1 grm. II “ HO “ 34,462 cal. 

The amount of heat produced is the same whether the combustion takes place 
slowly or quickly, or whether it takes place directly or by means of intermedi¬ 
ate steps. However, the rule is generally good, that atoms already in combinations 
with others produce less heat than those which are free. The following is an esti¬ 
mation of the production obtained from what is ingested by an adult in twenty-four 
hours: 


From albumen. 599,760 cal. 

“ carbo-hydrates.1,081,410 “ 

“ fats. 816,210 “ 


Total.2,497,380 cal. 


The value of the albumen is diminished by the fact that albuminous bodies only 
half-burnt (e.g., urea) escape from the organism. 

Liebehmeister’s unit of heat [Kilo-caloric] is one thousand times greater : 
it is that necessary to raise the temperature of 1 kil. of water 1° C. 

The production of heat is diminished : by a lessened amount of food, by 
nitrogenous food, by reduced respiration, as, for example, in sleep, by 
bodily and mental rest, etc. It is increased : by a greater amount of food, 
as in winter, by unusual muscular movements, by nervous influence, etc. 
From its places of origin (the blood and tissues) animal beat is distributed 
to all parts of the body by the blood. Naturally the heat of any given 
part depends partly upon the amount of caloric produced in it, and partly 
upon that which is brought to it. For, as the latter is produced deep in 
the body (chiefly in muscles and abdominal viscera) it naturally is the 
chief source of heating for the peripheral parts ; since it is as yet impossi¬ 
ble to state how much caloric is produced in them (the skin especially). 

Loss of heat takes place principally though radiation and conduction ; 
in much Smaller degree by the evaporation of water on the skin and from 
the lungs; and still less by the heating of ingested materials and of the air 
inspired, as well as by the expulsion of warmed excretions. The exertion 
of mechanical labor exerts a variable influence. 

Hitherto it has been very incompletely discovered how the loss of heat is divided 
up among these factors. At all events, by far the greater part of this loss is caused 
by radiation from, the skin. Increased muscular activity does cause a loss of heat; 
but this is more than compensated by increased consumption and heightened combus¬ 
tion; so that an active body, in mechanical activity, produces more heat than one in 
a state of rest. 

According to Helmholtz’s estimate, the loss of heat from the body is divided up 
as follows: 


* Consult GANOT, Elementary Treatise on Physics, p. 341; Lond., 1872.— [Ed.] 
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Radiation and evaporation from the skin.77.5 per cent. 

Heating of ingesta. 2.6 “ 

Heating of inspired air. 5.2 “ 

Evaporation from the lungs.14.7 “ 


Ludwig estimates the amount of heat consumed by mechanical labor at 7 per cent, 
of that obtained from the food. This loss must not be too highly estimated, because 
the mechanical equivalent of heat is very large, and because a very great amount of 
work is required to produce a very small elevation of heat. 

It would be of the greatest importance for the knowledge of fever if we 
could discover a method of directly estimating, with the fewest possible 
errors, the amount of heat produced in the body and given off from it. This 
has not yet been possible, because calorimetric investigations, difficult in 
themselves, meet with special impediments in living beings. Not even has 
the theoretically incontestable proposition, that all animal heat has its source 
in those decompositions which are called tissue-metamorphosis, been experi¬ 
mentally demonstrated. Under these circumstances, we cannot speak of 
physiological data sufficient to account for pathological variations in body- 
heat. 

As the body produces heat continuously, its temperature would neces¬ 
sarily rise if heat were not also given off at the same time. The body-heat 
can only be maintained at a constant degree as long as exactly the same 
amount of heat is lost, in a given time, as is produced. 

The contrivances by means of which preservation of the normal degree 
of heat, regulation of heat, is brought about, are very diverse. The mode 
of operation of some of them is comprehensible; while of others we only 
know their effect, and we are as yet wholly or in part unenlightened as to 
the way in which they produce these effects. 

Most evident is the regulation of the loss of heat by the skin. If this is 
decidedly increased by external conditions, as, for example, when the sur¬ 
rounding air is colder than usual, certain agencies become active, and in 
consequence the loss of heat becomes less than what it would have been 
without them. The surface of the skin is made cooler, and thus the direct 
loss of heat by radiation as well as evaporation is restricted, for the cooler 
skin is less moist. Besides, by the influence of cold, the muscular layer of 
the skin and of its vessels is made to contract; less blood passes through the 
skin, and consequently less heat is brought to it from within, and naturally 
less heat is lost. In this way the reserved amount of heat produced in the 
internal parts is retained as much as possible by the action of cold. The 
opposite occurs in warm air. In this case the skin of itself, and also because 
it sweats, gives off more heat, the blood is driven to the surface, and by 
enlarging the bloodvessels it facilitates the escape of heat. By means of 
sweating and of active evaporation of water from the surface, it is made 
possible for human beings to exist in a temperature which almost or quite 
equals that of the body. 

English observers in 1775 were able to endure for a short time, in a dry air, an 
atmospheric heat which reached or even surpassed the boiling-point of water (100 C.). 
Similar examples are given by IIouPE (consult Ludwig, Physiologic , 2 Aufi., II., p. 
750). 

[An oven, heated to 400 -600’ F. (204 l-°-315-1-° C.), has been entered. See Cau- 
penteu, Principles of JInman Physiology , Loud., I860, p. 484 .—Ed.] 

Experimental facts go to show that there exists in the respiratory organs 
a mechanism for the regulation of body-heat. 
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Ackf.rmanx found that in a dog, whose temperature was raised by exposure of its 
surface to blood-warm or warmer air, the rapidity of respiration was increased, and 
the more so in proportion to the elevation of temperature: there ensued a true heat- 
dyspnoea. If the dog was then rapidly cooled by abstraction of heat from its surface, 
the former normal respiration-rate reappeared. By means of artificial respiration by 
means of air having a medium temperature (air of the room), the normal body-heat 
of the animal was reduced, or if the animal was at the same time kept warm, the rise 
of temperature was retarded. This, however, did not happen if the temperature of 
the air administered by artificial respiration was as high as that of the animal. Accord¬ 
ing to Goldstein (Ueber Warmedyspnes , YVurtz. Diss., 1871), the cause of heat- 
dyspnoea is in the respiratory centre. G. heated the blood as it passed through the 
carotid arteries, and by this means the frequency of respiration was much increased; 
section of the vagi no longer had any influence upon the breathing. Cooling of the 
blood in the carotids considerably reduced the respiration. Fick (Arch. f. cl. yes. 
Phys., 1871, V., p. 88) observed that in the dog very marked increase of the general 
temperature and of the heat of the blood in the carotids, which caused great excita¬ 
tion of the respiratory centre, exerted no influence upon the centres of cardiac and vas¬ 
cular innervation. 


Just as in heightened external temperature with normal production of 
heat, the superfluous caloric furnished by increased production, for example, 
by unusual muscular activity, is at once removed, without there being any 
remarkable or permanent increase of the body-heat in the healthy indivi¬ 
dual. 

The dispositions already mentioned are without doubt sufficient for the 
conditions which arise in the normal state, with respect to production and 
loss of heat, and in the regulating organs as well. Probably they are also 
sufficient under normal conditions, so that the requisite average is most 
easily reached from plus and minus. 


It is not unlikely that, while in general the cooling of the organism is done by the 
skin, the respiratory organs, owing to their condition of ventilation, are better fitted 
to execute the need of the moment, and thus to equalize the slighter fluctuations in 
the vicinity of the normal; and that they may, under certain circumstances, act as 
supplemental to the skin. Nevertheless, the skin itseT possesses contrivances by means 
of which a delicate regulation of the loss of heat can be achieved. For example, if a 
partial heating or cooling of the cutaneous surface be produced, we can distinctly 
observe in the first case a rapid increase, and in the second case a decrease of the 
afflux of blood, and of the local heat in parts of the skin somewhat removed from the 
locality operated upon. The caloric which is withdrawn or retained in one part by 
the contact of a cold or of a warm medium, is economized or expelled in some other 
part. 

It is, howevei*, to be observed, that in man the amount of normal varia¬ 
tion exists under the operation of numerous external, and to a certain 
extent controllable factors, as clothing, ingestion of food and drink, muscular 
activity; in short, external or, perhaps more properly, instinctive suitable 
means of retention, serve to maintain the normal temperature. Not of 
itself alone, without help from outside, does the organism determine the 
normal temperature of the body ; the various changes in the amount of blood 
and the activity of the skin and lungs are not the sole means of correction, 
but numerous other external aids are required. Their influence upon the 
amount of production and of loss of heat can neither be calculated nor 
estimated. “ The fact of there being a normal temperature simply indicates 
that the functions of the healthy warm-blooded organism are only compatible 
with the temperature specified.” 

Bergm.vnn had already said in 1845 (Mailer's Arch., p. 310): The skin affords 
great facilities for phenomena of changes in vascularity, and is thereby well fitted to 
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assist in equalizing the internal temperature. If the external temperature rise, the 
temperature of the skin becomes greater, and thus a corresponding derivation of heat 
can take place. If it (the external temperature) be still higher, or if there occur an 
increased production of heat at the same time, increased evaporation co-operates to 
bring about the same result. If the production is increased by internal causes, taking 
of food, drink, etc., the same series of phenomena may follow without any change in 
the external temperature. The contrary is to be said of lessened production of heat 
with and without lowering of the external temperature. It is of course understood 
that besides these factors, there is the greater sensibility of the skin which leads man 
to cover himself more, or to do the opposite, as well as to do many other things which 
might be mentioned, and that every variation in heat of skin and in evaporation must 
serve to correct errors. 

Senator believes that the capacity which warm-blooded animals have of maintain¬ 
ing their body-heat at a constant height is really limited to overcoming a difference 
of a very few degrees, and is founded chiefly upon the property which the skin has of 
restricting the influence of variations of external temperature to itself, and thereby 
shielding internal parts. In man there is a latitude, in this respect, of from 8 to 10° 
C. of atmospheric temperature, within which the organism maintains its proper heat 
without any external aid. The upper limit of this is at a point not at all higher than 
the temperature of the blood (37° C.), but rather a little below it; its lower limit is 
at about 27°-28' C., both being thus estimated with the assumption of average atmos¬ 
pheric pressure and average atmospheric moisture ; with changes in these there occur 
corresponding variations in the evaporation of water. ( Virch. Arch., XLY.) 

Acker wann ( Berl. kliii. Wochensckr ., 1872, p. 26) considers it possible that “ under 
normal conditions,” with bodily rest and a medium temperature of the surrounding 
air, the mean heat of the body will be maintained at a very steady and regular 
height. Numerous facts, however, indicate that the body-heat by no means remains 
within normal limits, as soon as important influences, such as those brought about by 
“ instinct,” by ‘ ‘ unconscious volition,” intervene. Animals best preserve their warmth 
when lying on the belly, or drawn up in a heap, by which means the belly is covered 
by the ground or by the limbs. If rabbits be tied down upon their backs in an ex¬ 
tended position, and left under the influence of an ordinary room-heat, they continu 
ously grow colder, with such rapidity that they die in half a day or one day. This 
cooling is not a consequence of the fettering of the animal, since it does not take 
place if it be inclosed by warm covering. Similarly there is undoubtedly more heat 
given off from the anterior part of the human body than from its posterior surface, 
and the former requires more protection than the latter, etc. 

On the contrary, it appears to Liebekmeistek ( Volkm. Sam ml. /din. Vortrdgc, p. 
117) “one of the most wonderful provisions in the wonderful arrangement of the 
human body, that as long as it is healthy, its temperature should remain under all 
circumstances constantly at (about) a height of 37° C. Even under extremely dif¬ 
ferent circumstances the body-heat remains constant.” 

According to Liebermeister, a regulation of heat takes place, “naturally opera¬ 
tive only within given physical possibilities,” especially the regulation of production 
according to the loss, in a reflex way, and indeed under the operation of two separate 
systems, “ an*excito-caloric, and a moderating system,” both of which have their 
centres in the brain. Because by a separation of the brain from its nervous connec¬ 
tions with the rest of the body, the previously steady temperature becomes wholly 
changeable, and wholly dependent upon the amount of heat lost, it appears probable 
to L. that this connection is a condition necessary for regulation of the production of 
heat. The immediate diminution of body-heat which occurs in animals after the 
section of the upper part of the spinal cord (Naunyn and Quincke), even with mod¬ 
erate loss of heat, as well as under conditions in which, without operation, the loss is 
compensated by an immediate proportionately increased production of heat, and also 
the phenomena in a healthy person in the cold bath, which are of “ variously active 
character (increase of heat and greater production of CO. to three or four-fold the 
normal amount),” very surely indicate the existence of an excito-caloric system : 
excitation of certain nervous paths by the irritation of cold accelerates the processes 
of oxidation. On the other hand, according to L., facts also speak for the existence 
of a moderating system, whose inhibitory influence is removed by section of the 
spinal cord, leading to the immoderate production of heat. In the normal state 
there occurs under the operation of this system a moderation of the loss of heat and 
a small production of heat, which are all the greater the higher the temperature of 
the skin is; and vice verm. The assumption of the existence of a moderating apparatus 
is supported by the considerable increase of temperature which is sometimes observed 
in man after injuries to the spinal cord, as well as in larger animals after its section ; 
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and, lastly, by the observation of Tsciiesciiiciiin. according to whom even in small 
animals the body-heat rises much and steadily after the pons has been separated 
from the medulla by section. 

It has been attempted, by various means, to acquire a more exact knowl¬ 
edge of the amount of production and loss of animal heat. In the last few 
years the influence of removal of heat by the skin has been made use of for 
this purpose. 

Formerly it was thought that the operation of losing heat was exclusively 
due to changes in the peripheral circulation, and it was assumed that it 
was also possible, by volitional, semi-volitional and instinctive means (food, 
exercise, etc.) to protect the fixed normal temperature of the organism from 
the effects of moderate changes of external temperature. Of late years, 
however, the opinion has been brought forward that the organism, within 
certain limits and in a wholly involuntary manner, regulates its production 
of heat in accordance with the peripheral loss, and that, as an immediate 
consequence of every withdrawal of heat and in exact proportion to its 
amount, the processes of oxidation in the body are made more active. 

As regards the immediate effect of removal of heat, the first effect of 
such an action, as in the case of the refrigeration of the exposed skin of 
man (if not too slight), is found to consist in a nearly simultaneous or 
quickly following rise of temperature in the axilla, much smaller in pro¬ 
portion than the preceding diminution, and somewhat later in the rectum 
a slower lowering of temperature; seldom no change. In animals the man¬ 
ifestations vary according to their size: small animals, as rabbits, which 
have relatively a much larger surface, show a continuous fall of temperature ; 
larger dogs not seldom exhibit a rise of temperature in the rectum, analo¬ 
gous to that in the axilla of man. There seems to be, in larger animals and 
in man, between the considerably cooled external parts and the less and 
more slowly cooled internal parts, a layer in which a slight increase of heat 
takes place. In prolonged, and more especially in greater abstraction of 
heat, the temperature of this intermediate region, as indicated by measure¬ 
ment in the axilla, ultimately falls and does so continuously as long as the 
experiment can be confinued without injury to health. This may be 
observed, for example, when the subject is placed naked in a cool bath or 
exposed to a low temperature, etc. 


Senator {Arch. f. Anat ., Phys.. etc., 1872, p. 35) explains these phenomena as 
follows. He looks upon the effect of intense refrigeration as made up of the effect 
of a strong irritation of a large number of nerve-endings, and of the effect of with 
drawal of heat. This at first alfects the peripheral layers. Strong sensory irritation 
(and cold is one of the most active and persistent irritants) produces a narrowing of 
the bloodvessels in the irritated region, and, also, a reduction of the internal tem¬ 
perature. This latter distant result he, with Heideniiain, explains by the supposi¬ 
tion that the vessels of the subcutaneous layers of connective tissue and muscles 
enlarge under increased blood-pressure, in consequence of which the rapidity of the 
circulation increases, and more heat is sent from the deeper parts to this middle 
layer, causing an increase of temperature. A much more important rise of tempera¬ 
ture is due, however, to the circumstance that by the contraction of the bloodvessels 
of the skin and of the cutaneous muscles, the specially heat-producing part of the 
body is more or less completely deprived of the means of getting rid of its heat 
(especially in a bath, which prevents evaporation from all parts which are wet), and 
this must accumulate in those tissues which lie next under the skin, and whose ves¬ 
sels have been enlarged. Whereas the provision of heat in the internal parts 
remains protected, and is at the most a little cooled by the blood coming in from the 
periphery, the middle layer (that of the muscles) gains heat in a double way, chiefly 
because it gives off less, and also because it receives a supply from within: there 
occurs in it an accumulation of a great part of the heat of the organism. This accu- 
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mulation is gradually equalized, however, as well by the penetration of the cooling 
into the deeper parts, as by further (though much less) accumulation of heat under 
the muscular layer which was first heated : it gains this more by economizing on the 
skin than in any other way. Naturally all spots in these various layers do not always 
behave in the same manner, for various degrees of vascularity and various extent of 
surface in the different parts must lead to the production of differences in tempera¬ 
ture : in the extremities, for instance, the contraction of bloodvessels retards cooling 
only in a measure, but leads to no heating as in the internal parts. Lastly, if the 
cooling exceed the heating in all parts, so that it (the cooling) penetrates directly 
inward from layer to layer, and that by means of the circulation constantly increas¬ 
ing quantities of cooled blood are forced into the internal parts, the temperature 
of every part is at length lowered. 

WlNTERNlTZ ( Virch. Arch., LVI., p. 188) is of the opinion that under otherwise 
similar conditions the change in the distribution of heat in the organism after refrig¬ 
eration (as indicated by differences of temperature in the axilla and rectum) is so 
much the greater the more mechanical irritation is added to the thermal. Under 
similar mechanical influences the operation of refrigeration by means of a low tem¬ 
perature produces a greater effect than by means of somewhat higher temperature. 
The effect of a dry rubbing alone, which is only a mechanical irritation, is less than 
that of a combination of thermal and mechanical influences, but shows itself in a 
similar manner ; the temperature of the rectum falls, that of the axilla remains sta¬ 
tionary or rises. 

Liebeumeister has propounded and very persistently maintained an altogether 
different interpretation of the observed phenomena. Whereas Senator explains the 
rise of temperature in the axilla (as well as that of slighter degree in the rectum) 
which appears at the beginning of refrigeration, without production of heat, by sim¬ 
ple accumulation of heat, the assumption of an essentially uniform production of 
heat independent of loss of heat, does not seem to him well-founded, even in the 
normal state. The hypothesis that all the different contrivances, independent of one 
another, which concur in the mechanism of loss of heat (‘‘they are in part founded 
upon physical conditions ; in part the complicated structure of the skin, and especi¬ 
ally the state of the circulation, of perspiration, and of evaporation at different tem¬ 
peratures. in part are the result of instinctive and volition actions on the part of the 
individual”) under all circumstances co-operate in so precise a manner that the sum- 
total of all the effect amounts to just enough to make the loss of heat equal to the 
production of heat:—this hypothesis appears to him inconsistent. Could such a con¬ 
dition be thought possible under normal circumstances, it must appear wholly impos¬ 
sible under altered external conditions. These phenomena L. attempts, in his inter¬ 
pretation, to explain by the effect of refrigeration upon the organism. He does it in 
the following manner. If a healthy individual takes a cold bath, provided that its dura¬ 
tion be not too long, the temperature of his internal parts is, according to measure¬ 
ments taken in the axilla and rectum, not lowered, but it remains unchanged or shows 
a slight increase ; only after a longer bath in the case of individuals having little power 
of resistance (only later in others) does the body-heat fall by a few tenths of degrees 
in the course of 20 or 00 minutes. As it seems to L., the provision of heat inside the 
laody is not diminished by a cold bath of moderate duration, that is to say, under 
conditions in which an immense amount of heat is withdrawn from the body. “ Man 
possesses the inexhaustible oil-bottle; he may pour out as much as he pleases, it 
remains filled to the same height.” ( Vollan. ldin. Vortrdge , No 19.) 

Liebeumeister obtained ** unequivocal ” results from his experiments. For exam¬ 
ple, if a man heated 109 kil. of bath water from 20. l c to 20.0 C. in nine and a half 
minutes, a correcting experiment showed that heating would hive been 0.03 C. 
greater if the water had not given off heat to the surrounding air. Thus the 100 kil. 
of water were made warmer by 0.53 3 C. , and consequently the body had given to the 
water 100,000 x 0.53 — 84,800 calorics. Under ordinary conditions about 13,000 
calorics would be given off. so that the loss of heat was about six and a half times 
greater than the normal amount in the bath. And in this the heat which, during the 
bath, is given off from parts of the head not under water and by the respiratory pro¬ 
cess, is not reckoned ; this amount is, however, unimportant, and may be left uncon¬ 
sidered. Entirely similar were the results of other experiments, in which the duration 
of the bath was prolonged to twenty-six and thirt 3 r -five minutes. L. found that in a 
bath whose temperature was 22.5 C., the loss of he,at was four and a half times 
as much as the usual loss out of a bath; in one of 25° C., more than three times, 
and in one of 30° C., double the amount An explanation of these facts seems to 
L. possible only by assuming that the organism produces, during the whole duration 
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of the bath, enormous quantities of heat over and above its normal measure, and thus 
constantly replaces the enormous losses. 

Of course the superficial layers and the peripheral parts of the body really become 
cooled, but the state of the internal provision of heat undoubtedly remains the same. 
The loss of heat takes place during the first few minutes of the bath, reaching a very 
high degree, and taking place for the greater part at the expense of peripheral por¬ 
tions, which lose heat without having it fully restored. Thus the total loss of heat 
observed is not to be considered as simultaneously produced, but that part of it which 
represents ‘‘peripheral refrigeration” is lost without being replaced by contemporary 
production. The amount of this share may, according to L., be easily ascertained 
with sufficient accuracy by experiments; and if it be subtracted from the total loss 
of heat, there remains the amount of heat which is replaced by production. This 
remainder consequently represents the amount of heat produced during the bath. 

In order to be able to estimate the amount of “peripheral cooling ” correctly, the 
temperature of every different part of the body must be exactly known at the begin¬ 
ning and the end of the bath. Since this is not possible, we must be content with 
taking the temperature of some specified parts. According to Liebekmeister, “ the 
source of error from the above nearly disappears if we consider as the commencement 
of the experiment not the beginning of the bath, but a time a little later. If once 
the cooling of peripheral parts has to a certain extent taken place, then a further loss 
of heat, which shall not have been replaced by production, cannot ensue without pro¬ 
ducing a diminution of heat in the deeply-lying parts accessible to measurement. How 
long a time must be allowed to pass before this stationary relation between the tem¬ 
perature of the various parts of the body becomes established, cannot be determined 
a priori , but must be calculated from the results of experiments : these indicate that 
it occurs in a moderately short time. “ During the first minutes of the bath, propor¬ 
tionately more heat is given off from the peripheral parts of the body to the water; 
after the ebbing of this loss the quantities of heat given off in equal periods of time 
are about equal, and. in two experiments, even in a duration of seventeen and twenty- 
six and a half minutes. For, as during this period the axillary temperature does 
not fall, but shows an insignificant rise, it seems right to conclude that in still deep¬ 
er parts the body has undergone no cooling. The cooling has consequently affect¬ 
ed only the peripheral parts, and occurs, as shown by the quantities of heat received by 
the water, only during the first minutes. In the whole of the succeeding time, just as 
under usual conditions, the loss of heat approximates to the production of heat, and 
therefore the figures representing the loss of heat may be considered as representing 
the amount of heat produced.” According to this method, L. found that during a 
quiet stay in a bath of 20 -21° C., the production of heat was four-fold ; in one of 
22 -25 C., three fold; in one of 30 C. , quite double the production which takes place 
under normal medium conditions. (Arch. f. klin. Med ., V., p. 219.) Keknig’s re¬ 
searches, carried out in the same way, showed that in a warm bath of 34 -35' C., the 
production of heat is about the same as under normal conditions. 

Even if, as above indicated, undoubted facts have been demonstrated in 
various ways, their physiological explication still remains exceedingly vari¬ 
able : according to one opinion there is accumulation of heat without pro¬ 
duction, or at least without noteworthy production ; according to another 
view, this is undoubtedly much increased. The solution of this question 
can only be obtained by exact calorimetric investigations. 

Senator (Arch f Anat., Phys. , u. s. w ., 1872, p. 1) studied, by means of a calori¬ 
meter which indicated with great exactness the loss of heat from a tin box containing 
warm water, the production of heat in dogs under various conditions, and particular¬ 
ly under refrigeration. The result of many experiments was, that the animal ex¬ 
perimented upon did not, during refrigeration, produce more, but, on the contrary, less 
heat than is normal, while other experiments made it probable that the production of 
heat was at least not much increased. The refrigeration was sought to be obtained by 
having the water of the calorimeter colder than the degree which he had determined 
by previous experiments to bs necessary to the preservation of the normal state : the 
animal thus being made to sit in the midst of a current of air in an insufficiently 
warm space. The refrigeration may accordingly be designated as moderate. The re¬ 
sults were the same as those observed in man under similar circumstances, for whom 
Liebekmeister (Arch, f Anat.. v. s. w.. 18151, p. 41) made the following estimate: 
that there were produced per minute 2.7 kilo-calorics by the immediate contact of air 
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at 12°-22° C. with the surface of the body, whereas under ordinary circumstances only 
1.8 kilo-calorics were thrown off on the average. L.’s calculations thus were decidedly 
in favor of an important increase in the production of heat. Senator adds to this, 
that from several facts it must be concluded that the production of heat during 
refrigeration obeys the same laws in man and in dogs. 

For, in all his experiments, even when the duration was only half an hour and the 
temperature of the calorimeter a relatively high one, when the temperature of the 
body (measured in the rectum) had sunk, it was possible to object that (what is in 
itself improbable) the kind and duration of the process of refrigeration, in spite of 
its apparent insignificance in comparison with sponging and'cold baths, had exceeded 
the limits within which Liebermeisteu’s regulatory increase of production of heat 
takes place, and that with yet shorter experiments a positive result, rise of tempera¬ 
ture in the rectum, might be expected. But shorter experiments gave no certain 
results because of the want of standards to measure the changes in the stored-up heat, 
and are consequently useless. 

In opposition to this method, nearly free from error, the theory of the 
increase of production of heat in proportion to the loss of heat, rests upon 
much more uncertain grounds. As above stated, the estimation of the 
amount of production by means of measurements of the temperature of 
the water of a bath, upon the supposition that an increase of body-heat 
observed in the axilla or rectum during the period of accumulation of heat, 
indicates a corresponding increase in the whole body. The most careful 
consideration here reveals the circumstance, that unavoidable errors in 
reading off the thermometer may greatly alter the I’esults of calculation, 
because in the slight increase in the heat of the bath-water and of the parts 
of the body observed, may even in favorable cases be relatively important. 
Besides, the above-named assumption is incorrect, and thus an exact esti¬ 
mation of the amount of heat given off to the bath-water is quite impossi¬ 
ble. 

Winteunitz (Oestr. Jahrb., 1871, p. 180) has shown, and Ackermann (Berl. Min. 
Wochemchr., 1872, No. 3) confirmed! the fact that the water of an open bath may 
show in its various strata differences of temperature amounting to several tenths of 
a degree, and that in spite of a previous thorough mixture. If the heat given off from 
a mass of water left to itself is not the same from minute to minute, it must be still 
less so in the case of a living body, especially if it be exposed to energetic refrigera¬ 
tion. In such a case the amount of heat given off to the water in its various strata 
necessarily fluctuates from minute to minute, and because of the great probability of 
notable differences between the two factors of the observation, it becomes impossible 
to draw correct conclusions as to the degree of cooling of the water during the time 
of bathing, especially if there be a large quantity. The calorimetric apparatus made 
use of by Senator in his experiments gives far more exact results, because the water 
in it is as much as possible protected against evaporation, conduction, and radiation. 

Still more questionable is Lierermeister’s opinion of the constancy of the tempera¬ 
ture of the internal parts, “as indicated by measurements in the axilla and rectum,” 
during refrigeration of a healthy animal. When Winternitz plunged one forearm 
up to the elbow in water colder than the skin, there was soon made manifest a dis¬ 
similar course of temperature iu both axilla}, which previously had, without such provo¬ 
cation, shown differences of from 0.1 to 0.2 ’ 0. ; and the rule was that the heat of the 
axilla on the side opposite to the immersed arm rose in a relatively marked manner, 
while that of the axilla corresponding to the cooled arm rose but little, remained the 
same, or even sank. In this way differences of 0.8’ C. were produced. Similar 
variations were produced by immersion of the arm in water warmer than the skin ; 
aud even simple friction of one forearm, without exposure, sufficed to cause an increase 
of 0.1° to 0.2 C. in the axilla of the other side. 

New experiments in one case ( Virchow's Archie , LVI., p. 182) taught Winternitz 
the following. Exposure of the body (the effect of a cool chamber air, and wrapping 
in cool woollen covering being considered) produced in twenty-seven minutes a rise 
of axillary temperature amounting to 0.40 ’ 0., a depression in the rectum equal to 
0.3° C. ; so that the latter, after the lapse of this time, had a lower temperature than 
the former, though it (axilla) was 0.(55° C. the colder before the experiment. More con- 
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siderable refrigeration (wet sponging, the air-bath) rendered the reversed progress of 
the temperature still more striking in both places, the difference in favor of the axilla 
amounting to 0.4° C. at the end of the experiment. 

Senator has made analogous observations ; compare what has been said supra 
about the effects of refrigeration. Later he found ( Virch. Arch ., L., p. 368) that by 
simply uncovering one half of the body, the temperature of the axilla on the cooled 
side alone rose, while that of the opposite axilla sank. 

Ackekmann found that if a thermometer is introduced through the jugular vein 
as far as into the inferior vena cava, and a local cooling application is made on the 
external skin, the temperature of the blood in the vena cava at once falls, and shows 
a number of fluctuations, none of which attain the height of the primary temperature. 
This diminution lasts a little while longer than the cold application. Thus proof is 
afforded that at least in the middle part of the vena cava the blood is made cooler by 
external refrigeration ( Berlin . klin. Woch ., 1872, p. 25). 


On the basis of these and of other physiological observations which are 
not here considered, it is in part demonstrated, in part made probable, that 
during refrigeration the temperature of internal parts may be very various, 
and that it is unallowable to look upon the measurement of the tempera¬ 
ture of an axilla, or of a part of the rectum, as giving the mean heat of 
the internal parts of the body. Above all, the heat of the internal parts 
in general must not be inferred from the great differences in the heat of 
various organs. 

It follows from what has been said, that the assumption that the produc¬ 
tion of heat is not influenced or at least not much increased by refrigera¬ 
tion, is much more probable than the opposite view, which claims that there 
is an immediate marked increase of production when the peripheral parts 
are cooled. If the latter were correct, the loss of heat would be at once 
actually replaced, so that under all circumstances the temperature of any 
given part of the interior would remain as high as before the cooling, 
which in reality is not the case. The lowering of temperature in the 
rectum at the same time that the heat of the axilla increases, is opposed to 
the existence of any marked increase in the internal parts. Still more 
positive is the dissimilar condition of the two axillae observed under certain 
circumstances. In this case it cannot be alleged that the increased pro¬ 
duction of heat shows itself only in the axilla on the cooled side, but is not 
sufficient to warm both axil he, or at least to preserve them from cooling. 
If in this different condition of the two sides of the body the influence of 
lieat-production be not recognized, but only that of various states of blood¬ 
vessels, it may be added, at any rate, that there are refrigerations of not 
less intensity whose effects extend as far as the most distant axilla, and 
which exert no influence whatever upon the production. 

All irritations of the skin (and refrigeration is one) produce a change in 
the bloodvessels of the affected parts of the body, at first a contraction of 
the vessels of the skin checking the giving off of heat; though very soon 
after, especially with strong irritations, there appears a vascular relaxation 
favorable to this loss, and in consequence the body-heat is lowered. Direct 
experiments have shown that the giving off of heat by the skin, during 
very small fluctuations in its surface-temperature, can vary as much as 40 $ 
according as the vessels are dilated or contracted. Thus the increased 
temperature of the axilla, or its constancy, after cutaneous refrigeration of 
not too long duration, may be explained, without supposing any increased 
lieat-production. In case of longer acting refrigeration with similar effect 
of the temperature, it is to be considered that there are muscular layers in 
the neighborhood of the mercurial bulb, the bloodvessels of which (as 
made very probable by recent researches) do not contract upon the irrita- 
4 -2 
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tion of cold on peripheral parts, any more than they do upon irritation of 
the spinal cord. On the other hand, the internal organs are somewhat 
cooled by the intense action of cold, partly because their blood flows out 
toward the muscles (animals killed under such circumstances exhibit inter¬ 
nal anaemia), partly because the cooled blood re-enters their vessels. A 
complete proof of the correctness of this opinion cannot be given at the 
present time, because we cannot now estimate, on the one hand the pro¬ 
ducts of increased metamorphosis, on the other those of decreased meta¬ 
morphosis, and also the individual factors by means of which the essentially 
unknown result is brought about. The chief importance is always attached 
to the altered distribution of blood, and this, on the principle that where 
there is less blood, heat is less, and vice versd —with inspect to altered func¬ 
tion and heat-production in the various organs; according to this, however, 
a repeated increase of heat-production becomes very doubtful. 

It is highly probable, from the results of various observations by Winternttz, 
that the blood driven out of internal organs flows into the muscles and thus makes 
in them a warm layer, in which increased production of heat takes place, and by 
which the internal organs are as far as possible protected from refrigeration. The 
amount of the compensation thus produced cannot at the present time be approxi¬ 
mately estimated, and thus a calculation of the amount of heat-production is made 
impossible. So long, consequently, as the mechanism of compensation maintains 
the equilibrium between loss of heat by refrigeration and increased production of 
heat in the muscles, the axillary temperature will not fall, while the rectal tempera¬ 
ture has already fallen because of diminished production ; but if the refrigeration be 
too great the compensation is insufficient, and the axillary temperature falls likewise. 
Its falling after the cessation of refrigeration is the expression of the equalization 
of the deranged distribution of blood ; and for a similar reason the temperature of 
the rectum may be even more depressed. Owing to this compensation (increased 
activity on the one hand, diminished activity on the other), the general balance of 
the economy is not at all or not specially disturbed; the total consumption may 
remain the same in spite of increased consumption in one organ, or in a group of 
organs. 

Rosenthal finds that an alteration in the production of heat by the effect of 
variously higher surrounding temperatures is not proven. According to him. all 
phenomena of the regulation of heat can be explained by the changed giving off of 
heat from the skin which occurs under various circumstances, produced by changing 
states of the cutaneous bloodvessels; and next to this, the other regulatory means, 
such as respiration, evaporation of water, etc., play only secondary parts. 


Recently, proceeding upon the correct premise, that increased metamor¬ 
phosis must cause increased production of heat, it has been proposed to 
solve the question, whether refrigeration does not cause increased produc¬ 
tion, by estimating the amount of CO., excreted. But such experiments do 
not give exact results. For we do not yet know the influence of different 
temperatures upon the excretions of CO., from the blood and organs with 
enough exactness to enable us to conclude from an increased excretion and 
nothing more to increased combustion. At all events it is imaginable, 
though at the present time little probable, that under the influence of 
refrigeration larger amounts of CO, pass from organs into the blood, and are 
given off from the latter to the external world. 

According to Liebebmeistek, numerous experiments favor the view that under 
the influence of cold on the organism C0 2 is excreted in larger quantities in conse¬ 
quence of increased heat-production. “The amount of the excreted CO, increases 
if we undress in a chamber whose air is at an ordinary temperature ; the increase is 
greater if the bare body is washed with cold water ; and in the cold bath it reaches 
an extraordinary quantity. For instance, a man who, under ordinary circumstances, 
excretes about 13 grin, in half an hour, will lose 39 grm. in the same length of time 
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if placed in a cold bath. Besides, older observers had already frequently noted the 
fact that with a low temperature of the surrounding' air, the excretion of COo is greater 
than with a higher temperature. ( Volkman's klin. Vortriig , No. 19.) ” “In general, 
the production of CO. is so much more marked the greater is the refrigeration ” (D. 
Arch. f. klin. Med.. X.. p. 101), and it is besides very possible that this increase of 
excretion continues for 15-20 minutes after the bath (Gildkmkister). Senator, 
however, does not acknowledge such a result upon the basis of his own calculation, 
but rather intimates that the increase of CO-., observed by L. is not nearly as great 
as it should have been, according to L.’s conclusions. The estimation of the amount of 
heat developed in relation to the increase of CO-j is always too great to make car¬ 
bonic acid a standard measure for the conditions of the liberated forces, in which 
mechanical labor must be included. Even in the state of absolute external rest 
(so-called) some labor is involved, inasmuch as all the voluntary muscles are never 
absolutely inactive; and the muscular apparatus of the excretory ducts of glands, 
that of the respiratory, circulatory, and digestive systems, works uninterruptedly, and 
that without externally appreciable movements. Most of these active processes are 
increased by the irritating effect of cold, and by that alone the production of COj is 
increased out of proportion to that of heat. The respiratory movements, in par¬ 
ticular, become more frequent and energetic under the influence of cold: and in 
consequence of this the blood, through greater ventilation, gives off more GO.., an 
excess which becomes important for short periods of time (as <?.</., in L.’s observa¬ 
tions) ; and further, there is greater muscular activity, and more CO, is produced. 
According to P. He ring, two strong expirations, sufficient to produce apncea. re¬ 
moves nearly all the CO., from the blood; and similarly by the irritating effect of 
cold during refrigeration the frequency and depth of the respirations are very much 
increased, and thus the pulmonary ventilation is made so much more active. So 
that, under the above favorable conditions, an excretion of CO. in disproportionate 
quantities may very well take place without there having been any marked increase 
in the production of heat at the same time. Consequently, S. concludes that by 
refrigeration of the surface of the body a considerable increase in heat-production 
can hardly be said to be produced; a small increase may naturally be brought about 
by greater force of respiration, perhaps by altered conditions of friction within the 
bloodvessels, by a somewhat greater metamorphosis in the heated parts. At any rate, 
the proposition that the formation of CO_, and with it the production of heat, is in¬ 
creased by refrigeration, is not yet established. 

With respect to urea and uric acid, the experiments referred to as instituted for the 
special study of fever, have as yet indicated nothing certainly favorable to a regu¬ 
latory increase of production. 

From the investigations made thus far, it results that, with respect to the 
effect of refrigeration, we must accept the fact of a certain resistance of the 
internal temperature during moderate duration of the cooling, without 
there being a generally accepted explanation of it. However, the hypothe¬ 
sis, according to which the preservation of the internal temperature is 
brought about by a special complex regulatory mechanism, and not simply 
by changes in the cutaneous bloodvessels, is wholly improbable. 

It would appear that the organism shows a smaller resistance against 
the external influence of heat than against losses of heat which do not exceed 
a certain limit. The regulatory processes which have their seat in the 
skin much more easily become relatively insufficient in case of checking 
of loss of heat, and there consequently ensues an increase in body-heat. 
Thus, by checking of radiation and evaporation, as in a steam-bath, for 
example. 

In the imperfect state of our knowledge of the nature and mode of action 
of so apparently simple an interference with the regulation of heat, as 
refrigeration under physiological conditions, and with the so various signifi¬ 
cance of the phenomena observed, it is not surprising that the same 
observations and experiments made in fever-patients have not afforded a 
clear result, and a nearer insight into the nature of fever. At least, 
opinions which are held by some, on the strength of their own experiments, 
to be undoubtedly correct, are by others rejected as utterly untenable. 
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In particular, Liebermeister and his school consider the excretion of carbonic 
acid, occurring when the external skin is cooled, as evidence of the regulatory pro¬ 
cesses which are active in fever also. (Volkmann's Samml. kiln. Vort ., V., p. 182.) 
Senator expresses himself as decidedly opposed to all such statements, since in¬ 
creased excretion does not permit us to conclude that there is simultaneous increased 
production. In opposition to refrigeration by cooling of the skin, there does not take 
place, according to Liebermeister ( lb ., p. 254), in the case of internal cooling (cold 
drinks, swallowing of ice, cold enemata), a regulatory increase of heat-production. 
If it were thus possible to withdraw large amounts of heat from internal organs with¬ 
out great difficulty, this mode of refrigeration would be the one most recommended 
by theory, since in this way there is no resistance to be overcome, and the organism is 
not thereby excited to greater production. Nevertheless, practical experience does 
not appear to favor this opinion. Kemper dick (Berlin, kl. Wochenschr., 1873, No. 
10) obtained in typhoid fever a marked cooling by the passage of a continuous stream 
of cold water in the rectum, during several hours, by means of a double canula intro¬ 
duced into this cavity. As the first and immediate effect of this procedure, there 
occurred, however, a rise of the axillary temperature amounting to 0.2 -0.4 C., that 
is to say, the same phenomenon as appears when the skin is cooled, and which is to 
be explained in the same (above explained) manner (that is to say, not in Lieber- 
meister’s way). Senator also saw the temperature of the axilla rise in the course 
of ten minutes from 38.3° C. to 38.55° C., during injections of ice-water in the colon 
against ileus. The fact that the action of cold from within the stomach does not, as 
a rule, produce a rise in the axillary temperature, as occurs at the beginning of 
cutaneous refrigeration, he explains simply by the occurrence of much less sensory 
irritation, partly because of the much smaller extent of surface, partly because of 
the degree to which the gastric mucous membrane is accustomed to cold drinks. 

Of much greater importance for the acquisition of a nearer insight into 
the febrile process, than the variously interpreted experiments upon the 
effect of refrigeration, are the direct examinations of metamorphosis in 
fever-patients. 

As the most important facts ascertained with reference to this have been laid before 
the reader in preceding sections, it only remains to give a short summary of the 
results : reference is made in the following sections to some few particulars. 

Without any doubt, metamorphosis is increased in fever. There does 
not, however, occur a simple and uniform increase of the normal processes 
of metamorphosis, but the process of oxidation of nitrogenous substances 
is made more active than that of the noil-nitrogenous. 

More especially there occurs a greater destruction of albumen, chiefly 
indicated by increased excretion of urea, and that in spite of the fact that 
the conditions for its separation ai*e less favorable in fever, because of 
diminution in the amount of urine. Even under the most unfavorable 
circumstances we find in fever-patients an average increase in the excretion 
of urea, amounting to more than double what is thrown out in non-febrile 
states under otherwise similar conditions. Frequently, almost regularly, 
the amount of urea begins to increase before the beginning of the fever 
proper, at least before the chill and rise of temperature. At all events, 
the destruction of albumen is even greater than is represented by the amount 
of urea, which is its most important product, and consequently it amounts 
to more than twice the normal destruction. The nitrogen can leave the 
body by many other ways, directly as albumen, blood, as ammonia, uric 
acid, and other products of incomplete oxidation ; partly through the urine, 
diarrhoeas, sweat, expectoration, exudation, etc. Those nitrogenous princi¬ 
ples which are rich in potassa and blood-pigment (blood-corpuscles, mus¬ 
cles, parenchymatous degeneration of organs) are decomposed in greatest 
amount. 

The provisions for the excretion of C0 2 , the most important product 
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of the decomposition of non-nitrogenous substances, are more favorable in 
the febrile than in the normal state; and as the excretion is increased by 
30-40$ in favorable cases, there must occur a slight increase in its forma¬ 
tion. This, however, holds good only for the day-time, for then (just as 
shown by physiological observations in the normal state) it presumably di¬ 
minishes. 

According to a number of investigations, it is the red blood-corpuscles, 
that is to say, those elements which we know to take up oxygen from the 
air and serve to transport it to the tissues, which suffer the most in fever. 
If the organism in fever cannot appropriate as much oxygen as in the same 
dietetic conditions in the non-febrile state, it likewise cannot furnish as 
much of products of oxidation. But as larger quantities of oxygen are 
used in the formation of greater amounts of urea it is probable that an ex¬ 
cessive formation of other products of combustion (so often asserted) does 
not take place. In this connection there are yet great blanks in our 
knowledge, to be filled by future, more extended observation. At all 
events, it follows from what has been said above, that fever-patients become 
relatively poorer in nitrogenous, and richer in non-nitrogenous elements 
(the latter in consequence of non-nitrogenous reduction of albuminous 
bodies after the separation of urea). 

While, in general, the conditions for the escape of water through the 
kidneys is less favorable in fever than in the normal state, the amount of 
water evaporated is increased, and thus there is, as a rule, a relatively 
larger part of the ingested water excreted by evaporation. The influence 
of a possible new-formation of water as an ultimate product of oxidation is 
not to be estimated at the present time ; when the supply of water is greater 
some of it may be retained. The changes of the body-weight in fever are 
to a great extent dependent upon these changing condittons of supply and 
excretion of water; the gaseous exhalations and inhalations are of much 
less importance. Accordingly, the question, what results from the above 
explained conditions of febrile metamorphosis can be made use of for 
appreciating the regulation of heat in fever, is answered variously by differ¬ 
ent authors. While some, on the strength of the knowledge of increase of 
the products of oxidation by means of which they explain the rise in body- 
heat, and proclaim the increase in heat-production to be the essence of 
fever; others ask whether this increase is a sufficient explanation, and 
whether there are not other factors to be taken into consideration. Nay, 
some doubts even begin to be occasionally uttered as to whether increase of 
body-heat is to be made an absolute sine qua non for the conception of 
fever, or whether it would not be better to be content with demonstrating 
increased tissue-metamorphosis. Aside from this, there is at the present a 
complete unanimity on the proposition that increase of body-iieat must 
be considered as the pathognomonic sign of fever, in so far as it depends 
upon an internal and special morbid state ; while those elevations of tem¬ 
perature which are caused only by insufficiency of the means of removing 
the heat produced, and which quickly pass away after renewed activity of 
these means (as during a stay in an excessively warm and moist medium, 
in a vapor-bath, after extreme muscular exertions), are not to be looked 
upon as febrile. By no means are we to consider elevation of temperature 
and fever as identical, and if, therefore, we regard the causes of the patho¬ 
logically altered and especially of the heightened temperature, then we shall 
not have attempted to give an explanation of fever, but only of its most im¬ 
portant symptom. 
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Fever is a group of symptoms which, in fully-developed cases, are as a rule, but 
not necessarily, found united ; for circumstances may arise which shall make the 
presence of one or another symptom impossible. Accordingly the setting up of our 
present conception of fever is to a certain extent arbitrary, though in the strongest 
manner justified by experience, and exceedingly practical. Elevation of the tempera¬ 
ture of the body is the most important of the febrile symptoms, partly because it is 
easy to recognize, and allows the determination of the non-febrile state to be made 
with great certainty, partly because it undoubtedly influences to a greater or less 
extent the manifestation of several other symptoms of fever, such as, for example, 
those of the pulse, respiration, nervous phenomena, etc. The idea usually conveyed 
by the word “fever” is not comprehensive enough to include all the modifications of 
temperature occurring in patients, especially fever-patients ; we exclude from the 
class of fevers those conditions in which the temperature is normal and sub-nor¬ 
mal, although many of them present a certain resemblance to the states character¬ 
ized by elevation of body-heat. It is certainly not absolutely right to allow ourselves 
to be guided by the above-mentioned practical considerations; but it impairs the 
general intelligibility of the subject if we are willing to include under the head 
of fever such states as collapse, large remission-periods, and a number of light cases 
of disease which usually run their course with increase of body-heat. It may be once 
more asserted that the symptom-group of fever appears united, as a rule. In this 
connection compare remarks by Senator ( VirrJt. Arch ., XLV., p. 351 ; Ficberhft . 
Proc.. p. 170), and Naunyn {Arch. f. exper . Pathol. , I., p. 181). 

The rise of temperature of the whole bohy, which is the charac¬ 
teristic factor of the true febrile state, may occur : 

1. By RETENTION OF HEAT BECAUSE OF INSUFFICIENT SEPARATION. A 
lessened giving off of heat may depend upon several conditions, but it can 
hardly be assumed that such conditions persist throughout the course of a 
prolonged febrile state ; that elevations of body-heat lasting weeks and 
months can thus be caused. It is a matter of every-day experience that the 
covering of fever-patients is more heated than that of healthy persons—con¬ 
sequently an outward flow of heat must occur, as usual. On the contrary, 
it is to be borne in mind that on the one hand a temporary retention of heat 
does take place and that an attack of fever may be caused, or one already 
present may be aggravated by it, as happens, for example, in the chill of 
fever; and, on the other hand, that a continued febrile state is influenced 
in a special manner by such temporary retention. 

According to Traube ( Oesam . Abhl. , II.. p. 637), in consequence of the irritating 
influence of fever-producing causes upon the vaso-motor system the muscular coat of 
the small and smallest arteries contract strongly. The narrowing thus produced 
must have two consequences. The amount of blood received in a given time by 
capillaries from the aortic system must be diminished, and at the same time the 
blood-pressure within them must also fall. From the former factor there results a 
diminution in the amount of 0 transported to the tissues, and, besides, a moderate 
cooling of the blood by conduction and radiation at the periphery ; from the second 
factor there must follow a lessened separation of liquor sanguinis, that is to say, of 
the fluid which carries to all the tissues the necessary elements of life, and to 
secreting apparatuses the materials for se- and‘excretion. The diminished How 
of water to the superficial layers of the skin and to the pulmonary mucous mem¬ 
brane, necessarily leads to reduction of the evaporation from both surfaces, thus 
forming a second cause for slight cooling of the body. The hypothesis above cited 
explains, according to T., the diminution of the turgor of the skin and subcutaneous 
connective tissue, as well as the difference in the temperature of peripheral parts of 
the body and of the blood, and the sudden increase of body-heat during a chill, the 
tendency to dryness of the tongue, loss of appetite, and feebleness of digestive power, 
the composition and quantity of the urine, the stupor and muscular weakness of 
those sick with fever : all these are best explained by the contraction of the small 
arteries of the affected parts; and the sweat of fever, the critical fall of temperature 
by relaxation of this tetanus. Two possible causes may exist to cause the contrac¬ 
tion of the small arteries. The fever-producing cause somehow acts in a paralyzing way 
upon the heart, and thus produces, by diminishing the flow of blood in the arterial sys- 
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tem, a contraction of all (those necessary to a state of chill) the superficial artei-ies ; 
or, by irritation of the vaso-motor system it produces a contraction of the small and 
smallest arteries. In opposition to the first view, is the difference in color which is 
shown by a man in a chill and one in syncope, and also, more especially, the degree 
of tension which the radial arteries show in the period of chill; the second assump¬ 
tion is the only one which is sufficient to account for the phenomena referred to. 

Senator also ( Virch. Arch., XLV., p. 405) considers the retention of heat to be a 
process of much importance in fever. “It must be assumed that during the con¬ 
tinued increased production of heat caused by greater consumption of albumen, 
there occur from time to time a moderation of the loss of heat, and that by the con¬ 
joint action of both causes an equilibrium of body-heat during large periods of time 
is produced, whereby a certain average is maintained.” The limitation of loss of 
heat cannot be sought for in any other state than that of contraction of the con¬ 
tractile elements of the skin, especially of the small and smallest arteries, such as 
finds its highest expression in the chill-period ; but which may occur independently 
of this, even without the least rigor, and especially without any sensation of a 
changed condition of the skin. For the reflex phenomena presuppose a certain 
strength of irritation and a certain irritability, which need not always be present, or 
present bo the same degree. How osten the proper fever-heat is interrupted by such 
a process of contraction in the skin, whether this takes place with or without a cer¬ 
tain regularity, and whether, possibly, the fluctuations of temperature are not de¬ 
pendent upon it, and, lastly, whether the process of contraction takes place equally 
and simultaneously in the various blood-circuits of the skin, are questions which 
must be resolved in the future. Both of the processes brought forward to explain 
the febrile temperature, increased combustion of albumen, and a periodical retention 
of heat, do not necessarily stand in a causal relation to each other, but go on simul¬ 
taneously, and, in a certain sense, independently of one another, as results of one and 
the same, or of various causes, the peculiar fever-agent. The contraction of 
arteries is not, or is not only and not always the result of rapid increase in heat-pro¬ 
duction, and of the great difference in the temperature of internal and external parts 
thereby produced, but is the consequence of an irritation of vaso-motor nerves 
occurring without as well as with this (Traube). 


2. It may well be supposed that, if anywhere in the body, A locality 

PRODUCES INCREASED AMOUNTS OF HEAT, the SUPERFLUOUS HEAT will be 

distributed to the rest of the body by means of the circulation, and 
that the temperature of the whole body will thereby be raised. Such foci, 
inflammatory or merely liypersemic, are, however, only of limited extent, 
and bear no proportion to the mass of the body ; and they by no means 
produce so much heat that the normal modes of elimination (sufficient for 
the relief of the largest physiological production) cannot suffice for its dis¬ 
persion. It is also much to be expected that when the body is ill and the 
outflow of heat is insufficient, something contributes, more or less, to the 
increase of the extra body-heat thus produced. Furthermore, against attri¬ 
buting the entire fever-heat to the operation of local processes, we have the 
facts that in the most intense fever, e.g., that of infectious diseases, the 
fever begins to subside upon the appearance of local lesions, while in the 
cases in which it goes hand in hand with the latter there is observed on 
the average only a moderate temperature. ( Vide p. 273-4.) 

3. Elevation of the temperature of the whole body may occur in conse¬ 
quence OF A GENERAL INCREASE OF NORMAL PRODUCTION OF HEAT, and it 
is such an one as can be indicated by increase in the products of combustion. 
On the one hand, this can only in part be the result of increase of tempera¬ 
ture by other causes, inasmuch as the processes of decomposition in this 
way demonstrably go on with abnormal rapidity; and, on the other hand, 
it is evident that direct observation in fever-patients with reference to 
this point has afforded various, and, at least for the present, partly contra¬ 
dictory results, such as, that the degree of increase of products of decompo¬ 
sition does not by any means always fully correspond to the degree of 
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increase of body-heat. It is, consequently, but little probable that increased 
production of heat is the only cause of the condition of the body-heat in 
fever. Apart from the fact that the normal outflow of heat suffices, at 
least for small increases of beat, to prevent an increase in the temperature 
of the body, the amount of diminution of the body-weight in fever hardly 
corresponds with the assumption of a destruction of bodily substance pro¬ 
portionate to the variations of temperature. 

We are taught by the observation of febrile diseases that the products of 
combustion in fever, hand in hand with the increase of body-heat, are 
excreted in greater quantities. As regards the nitrogenous substances in 
particular, this influence of increased temperature is made evident by the 
following experiments. 


Bartels ( Grdfsw. med. Beitr ., III., p. 45) found that a sufficiently'prolonged stay 
in a space filled with heated watery vapor produced a fever-like state ; that is to say, 
an elevation of the body-heat, acceleration of the pulse and respiration, with 
increase of tissue-metamorphosis, and diminution of the weight of the body. Before 
the first bath (three being taken within three successive days) the subject of the 
experiment excreted a mean of 21.968 grin, of urea, or 0.4816 grm. to each kilo, of 
body-weight; under the influence of the bath a mean of 25.776 grm., or 0.5 grm. 
per kilo, of body weight—an increase of 1(>$. In the second period of twenty-four 
hours after the last vapor-bath the daily excretion of urea rose to 0.6916 grin, per 
kilo., against 0.8897 grm. the day before; exceeding this consequently by 17%, and 
the average daily amount before the beginning of the experiment by 60 %, although 
the febrile action causing increased metamorphosis had previously ceased. In the 
ensuing three days the amount excreted was on the average 24.5 grm. per diem , or 
0.4888 grm. urea per kilo of body-weight: only 8( less than during the operation of 
the baths. B. explains this peculiarity by a retention of urea during the baths. Its 
causes lie in diminution of the blood-pressure in the vessels of the kidneys owing to 
the enormous accumulation of blood in the skin during the period of stay in the 
vapor, and during the consequent prolonged (many hours) sweat, and to the consid¬ 
erable loss of water by the sweating, the period between two baths was not sufficient 
to allow a full correction of the impaired excretory power of the kidneys by absorption 
of water. In consequence the amount of urine passed in twenty-four hours dimin¬ 
ished from day to day. and with it the daily amount of urea, although, owing to the 
artificially produced paroxysms of fever, urea was doubtless formed in larger quantity 
than usual. It was only after the lapse of a certain time after the last bath and per¬ 
spiration that this disturbance was corrected by an increased excretion of urine and 
urea: hence the extremely large (greater than the proportion in health and during 
the vapor baths) excretion in the second day after the last bath. It must be borne 
in mind, however, that it is possible that a certain amount of urea, the ultimate 
product of the burning of albumen, may be carried away with the abundant per¬ 
spiration, and that probably the increase of tissue-metamorphosis caused by the 
artificial increase of temperature is even greater than what is shown by direct 
observation. 

Naunyn (Arch. f. Anat., etc., 1870, p. 159) made a similar experiment on a dog. 
By regular feeding he brought the animal up to a certain weight and kept it in 
equilibrium of nutrition, so that with a regular amount of urine the excretion of 
urea was quite uniform. lie then increased the animal’s body-heat to 42.5° C. for 
three hours, by placing it in a vapor-bath at 85° C.; the temperature of the body 
returning to the normal in the course of one hour afterward. In consequence of 
this artificially produced retention of heat, there resulted a very marked (even to 
almost one-half) increase of urea. 

According to Senator ( Fieberhft. Process., p. 175), it must not be concluded from 
these experiments that with increase of body-heat the processes of combustion cou- 
tinue to become more active. The organism,” he says, “ is not an oven, but. if such 
a comparison can be made, a machine, which works regularly only under certain 
exact conditions, and possesses, besides, the power of bearing without injury modi¬ 
fications of these conditions within somewhat restricted limits, and of correcting dis¬ 
orders. Among these conditions is a fixed temperature ; an increase or decrease of 
this does not simply produce an increse or reduction of tissue metamorphosis, but 
causes disorders, and produces morbid processes.” Increase of body-heat produces 
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not simply quantitative, but also qualitative variations in metamorphosis, which at 
the present time are not fully understood. 

The question is now to be considered, whether the increased consump¬ 
tion of fever causes the increased metamorphosis, or whether, on the con¬ 
trary, the fever is produced by this increased tissue-change. Both are 
imaginable. Even a priori it is probable that the febrile increase of body- 
heat is attended by increased combustion of the tissues of the body. This 
can, however, be demonstrated experimentally in a satisfactory way. 


Natjnyn (Berl. kl. Wochen ., 1869, No. 4) allowed a dog, which had been brought to 
a state of equipoised nutrition, to fast for two days; and observed that in this period 
with a temperature of 38 c> -88.5 0 C. it excreted 0.28 grm. of urea per hour. The 
animal was then made to re-acquire exactly its original weight, and was again ma le 
to fast for two days, previous to which time filtered putrid muscular juice had been 
injected subcutaneously, so that it was rendered feverish. In this condition 
dog separated 0.42 grm. of urea per hour; and at the same time the amount -> r 
urine (equal amount of drink) was decidedly increased, once from 180 C. cent, to 280 
C. cent. Several other experiments gave similar results. 

Under certain conditions, however, the increased combustion of the 
tissues may itself become a cause of more, or of longer-continued increase 
of body-heat. If we assume that a given rise in temperature (produced, 
for example, by retention of heat) has taken place in the organism in a 
certain time, there may be in this, under the admission of a disorder of the 
normal attempt at equalization between the production of heat and its 
giving off, a cause of a lasting elevation, until this disorder shall have been 
remedied, and the surplus heat shall have been removed by increased srivin" 
off. 

Naunyn ( Arch. /. Ancit.,elc ., 1870, p. 159) produced fever in dogs by means of sub¬ 
cutaneous injections of muscular ichor. Immediately after the injections and before 
any rise of temperature, the excretion of urea appeared decidedly and uniformly in¬ 
creased, and remained so, as was to have been expected, during the remainder of the 
fever. If such an increased excretion were the consequence of elevation of tempera¬ 
ture, it would not have made its appearance first; its early occurrence destroys (at 
least in the kind of fever referred to) the argument that increased consumption of 
tissues at the beginning of a febrile disease may precede the increase of body-heat, 
and that the fever-producing agent may directly cause increased tissue-metamorpho¬ 
sis, or a latent fever.” It is possible that in these cases the late-appearing fever 
may be only the result of retention of heat caused by increased metamorphosis. 

Naturally, this interesting experiment by no means excludes the possi¬ 
bility that the increased consumption of bodily substance, which occurs 
later during the height of the fever, is not in greater or lesser degree only 
the result of the increased body-heat which is present. This points to the 
necessity of discussing the question, what is the proper relation between 
METAMORPHOSIS and INCREASE OF TEMPERATURE ill fever. 

There are two conflicting opinions on this point. The majority of ob¬ 
servers conclude at once from the increased excretion of products of meta¬ 
morphosis during the febrile state, to an increased production of the same 
during the same period, and, since with increase in the processes of com¬ 
bustion there must be more heat set free, to an increased production of 
heat. According to the other opinion, such a conclusion is by no means 
allowable. The various excretions of the body are not given off in an 
uniform manner in fever; the excretion of urea is increased in a different 
way from the insensible exhalations, etc. Of this there are two explana- 
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tions: either all the products of decomposition do not increase in the same 
ratio, some of them more, others less or not at all, or excretion does not 
exactly correspond to production, a part of the excretory substance is re¬ 
tained for a time, while another is expelled in a relatively quicker way. 
In the latter, case the facilities of the febrile body for the excretion of pro¬ 
ducts of decomposition must be different from those operating in the normal 
state, in which, generally speaking, there exists an equilibrium between 
production and excretion, for the body usually has the power, within cer¬ 
tain limits, of keeping the products of decomposition at a constant quantity. 
If this, however, actually occurs in fever, no conclusion can be drawn from 
the state of the excretions alone to the amount of production in the body; 
at least, without simultaneous consideration of those alterations which 
affect the existing and considerable accumulation of products of metamor¬ 
phosis. 

According to Senator (Fieberhft. Process , p. 05), who has advanced the latter 
hypothesis, it had been previously overlooked that the body may under various con¬ 
ditions, according to changing amounts of excretions, become poorer or richer in 
substances, and that without increase or decrease of metamorphosis; and that increased 
excretion may very well coincide with decreased production, and vice versa. Further¬ 
more, there may, at one and the same time, occur increased excretion of substances 
and surplus of them in the body, even without increased production, if previously 
there have been abnormally small excretion or abnormal retention of substances. 
From this it follows that it is indispensable to investigate not merely the excretions, 
but, at the same time, the accumulation of products of decomposition from the begin¬ 
ning of the morbid action (or of the fever) until its complete cessation, or to the 
restoration of normal conditions, if we would have a clear insight into the relations 
between tissue-metamorphosis and fever. Taking into consideration these conditions 
and the results which he obtained in his experiments upon purulent fever in dogs, S. 
forms the theory (explained at p. 668), the fundamental thought of which is that 
during the fever important variations of temperature, both above and below the 
normal, may take place. (There is nothing strange in S.’s opinion, if we reflect that 
similar variations take place in the healthy state under the influence of the change 
from the state of digestion to that of fasting, or are caused by work and rest, and, 
especially, if vve keep in mind the greatly increased variability of body-heat (as com¬ 
pared with the normal state) under obvious and various losses of heat, and its great 
mobility under external influences.) Continuing his researches on tissue-metamor¬ 
phosis in fever, S. (1. c.. p. 88) formulates the law that in so far as conclusions can be 
drawn from the products of decomposition to the processes of metamorphosis, it may 
be stated that the intensity of these processes diminishes more and more in the course 
of fever, whereas a corresponding diminution in animal heat is not demonstrable, and 
that in fever, heat must be developed also from other processes than those which serve 
to produce carbonic acid and urea. S. refers to the use of the tension-force stored up 
in the organism for exercise, as well as to unknown processes connected with the for¬ 
mation of water without oxidation (by synthesis and dehydration). At all events, 
IT HAS NOT AS YET BEEN POSSIBLE TO DEMONSTRATE. AN EXACT RELATION BE¬ 
TWEEN ANIMAL IIEAT AND TISSUE-METAMORPIIOSIS. 


It has been supposed that the question whether the production of heat 
was increased in fever, if so to what degree, or whether a retention of heat 
was the sole cause of febrile temperature, could be resolved by the calori¬ 
metric measurement of the amount of heat given off outwardly. If this be 
increased, regularly so, and in a manner free from possible errors, then 
more heat must have been produced. In this connection the following ob¬ 
servations are noteworthy. 

Liebermeister (Aus der med. Klin, zu Basel, 1868) finds that in baths of 20° to 
almost 86° C. the loss of heat occurring from fever-patients is greater than that from 
healthy persons. For example, a patient weighing only 89 kilos, loses in a bath at 
28 J C. more heat than a healthy individual, weighing 62 kilos., in a bath of 22.5° C. ; 
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and the same patient, weighing 38 kilos., loses in a bath at 34.3° C. more heat than a 
healthy person, weighing 55 kilos., in a bath at 33.9° C. In this way that which, 
according to L., might have been a priori asserted (1. c., p. 136) is completely verified 
by calorimetric experiments. The conditions of production of heat are similar, accord¬ 
ing to L. In a warm bath the heat-production of a healthy person approximates the 
normal average production ; in a bath at 33.9 3 C. it is a little greater, in one at 35.8° 
C. a little less. The fever-patient, on the contrary, exhibits in a bath at 34.3° C. or 
34.5 ’ C. a production of heat decidedly greater than the normal average, amounting 
to about one and a half times as much. It thus appears that fever-patients, even 
when placed in conditions as near to the normal state as possible, produce much more 
heat than healthy persons. Therefore, according to L., a direct proof is obtained (at 
least in the case of the warm bath) that ceteris paribus more heat is produced in the 
febrile state than in health (1. c., p. 128). During severe chills, with simultaneous 
diminution of loss of heat through external parts by contraction of bloodvessels and 
dryness of the skin, the production of heat may be increased three-fold, and an exact 
measurement shows that a fever-patient, having a temperature of more than 40 C., 
usually produces 20-25 per cent, more heat than a healthy person whose body-heat is 
37" C. (Volkmann's Samml. klin. Vortrdge , No. 19.) According to L., the produc¬ 
tion of GO., is increased in the same proportion during the chill as well as during the 
height of the fever. Leyden remarks with respect to Liebermeister’s method 
(according to which the patient is immersed in the bath and the exhalation of heat is 
measured in the water), that it must not be overlooked that the conditions of exhala¬ 
tion of heat in fever are much altered if the body is placed in water; and that then 
evaporation through the skin, which is such an important source of variations in 
exhalation of heat, is entirely wanting. 

The method employed by Hattwich in working out the elements of the thesis 
which he wrote under the guidance of Naunyn, much resembles Liebermeister’s 
procedure. H. found that the loss of heat was much increased, relatively to the 
normal, in every stage of fever. This is opposed to the view that a diminution of 
the loss of heat is the cause of the febrile rise of temperature. 

Leyden (I). Arch. f. k. Med., V., p. 273) laid the leg of the person to be observed, 
still covered with the bed-clothes, in his calorimeter after its water had been brought 
to the temperature of the room. The leg lay therein under wholly normal conditions; 
perspiration was in no wise diminished or increased. Each experiment lasted about 
two hours. The amounts obtained were then calculated for the whole body in accord¬ 
ance with Funke’s relative estimate of the leg and body (149 n inches to 2,254). 
L. came to the following conclusions : the exhalation of heat is increased in fever, as 
well with constant as with rising (not much in the chilly stage, according to a few 
observations) or falling temperatures ; and, consequently, there undoubtedly is in¬ 
creased production of heat. In the highest fever the loss of heat amounts to once and 
a half or twice the normal value ; it is by far the greatest in the critical period, then, 
with a rapidly declining temperature, amounting to twice or thrice the normal value; 
in the epicritic stage it falls below the normal. The gross amount of loss of heat 
may be very different with the same temperature of the blood, and it is probable that 
the production of heat fluctuates in the same way. At any rate, it is only with great 
caution that we can infer from the amount of loss of heat to the amount of produc¬ 
tion of heat. The condition of the proper body-heat must be taken into considera¬ 
tion : if this rises the production is greater than the exhalation, if it diminishes the 
latter preponderates. 

According to these authors, the loss of heat in fever is much too great to allow us 
to consider it solely as a consequence of the fever ; it can only be the increased com¬ 
bustion of nitrogenous ingredients of the body, estimated by the amount of nitrogen 
excreted with the urine, that can compensate the relatively large losses of heat, and, 
besides, suffice to increase the body-heat at the same time. Therefore they (Lieber- 
MEISTER) conjecture or assume that there is also an increased decomposition of the 
non-nitrogenous ingredients, and refer the increased body-heat in fever, at least in 
part, to a superfluous production of heat brought about in this way. 

In opposition to the conclusions drawn from the investigations above 
referred to, in so far as they are carried out according to the method 
described, what has been already expressed concerning the influence of 
abstraction of heat upon the healthy organism may be adduced. 

According to Senator, even the greatest possible amount of metamprphosis and 
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production of heat cannot by itself produce a rise of temperature comparable to that 
of fever, if the giving off of heat is not at the same time limited ( Virchow's ArcJtiv, 
XLVI., p. 509). He combats, in the most positive manner, the assertion that from 
the increased separation of heat we must conclude to increased production by increased 
formation of carbonic acid. It is only the decomposition of nitrogenous bodies that 
is abnormally increased in fever (on the average two and a half to three-fold); whereas 
non-nitrogenous substances do not undergo any greater combustion than in the non- 
febrile state of inanition. The product of their decomposition, viz., carbonic acid, is 
not to be found in greater quantity in the body, which should surely be the case if, 
as is claimed, the production of heat is increased several fold. In such a case dyspnoea 
at least should appear, especially in the cold bath, by which, according to Lieber- 
meister, a still greater production of heat would be caused ; while the fact is that 
the bath reduces the frequency of respiration. 

Senator admits, as demonstrated, only a few isolated facts which Lieber- 
meister in particular advances as in favor of a decided increase of production of 
heat. Among these is the increase of body-heat during a paroxysm of intermittent 
fever; and it is probable that something similar occurs in sudden increase of tem¬ 
perature due to other causes. 

Liebermeister and Immf.rmann have estimated ( Prag. Vierteljahrschr., 
LXXXV., p. 39) that during the period of chill much more heat is accumulated than 
a healthy person could produce in the same length of time, on the average. For 
example, in a patient weighing 57.5 kilos, the rectal temperature increases by 2.31' 
C. in thirty minutes, which is equivalent (the heat-capacity of the body being 
reckoned at 0.83) to an accumulation of 110.2 kilo-calorics, and presupposes that 
every part of the body has become as much warmer as the rectum has. However, 
since a healthy person of the same weight produces only about 45 kilo-calorics in the 
same length of time, it is not possible that the above accumulation of heat should 
be owing to a diminution of the giving off of heat, or at any rate not exclusively to it, 
but there must have occurred an increased production of heat. L. reckons this pro¬ 
duction as at least thrice the normal amount, since some quantities of heat which 
we cannot as yet estimate must have been lost from the skin and lungs during the 
time of observation. Now it is certainly questionable, whether the temperature of 
the peripheral parts has increased by 2.31° C. during the thirty minutes, and, 
further, whether the amount of normal production or the heat-capacity has truly 
increased; the increase of the amount of heat invariably remains so large that S. 
willingly allows that the above observations demonstrate an increased production of 
heat, at least in the chill-period of intermittent fever. All other arguments he does 
not consider convincing. ( Virchow's Arch.. XLV., p. 384.) 

From more recent researches on dogs S. draws the following conclusions. In the 
waking state under ordinary quiet conditions, the in Hue nee of digestion being ex¬ 
cluded (S. had already found ( Vircli. Arcldv , XLV., p. 378) in this connection that in 
favorable cases the amount of heat produced in the fasting state was to that produced 
in over-feeding as 100 is to 137), the production and giving off of heat fluctuate 
within tolerably narrow limits. During prolonged fasting the production of heat and 
the excretion of CO_> slowly decrease. During digestion both slowly increase, although 
the increase of heat-production is greater than that of excretion of CO*. During 
refrigeration of the surface, by means of which the loss of heat is rendered abnor¬ 
mally great, the production of heat is demonstrably not increased, although, on the 
contrary, the separation of CO. is decidedly greater; this latter may also increase 
without the intervention of mechanical labor. In the early stage (one-half to two 
hours) of a febrile condition artificially produced by the subcutaneous injection of 
pus or of purulent expectoration, neither the giving off of heat nor that of CO. is 
increased in a noteworthy degree; at the height of such a fever (with a rectal tem¬ 
perature of 40-41° C.) the separation of heat and COj is occasionally slightly in¬ 
creased, though often comparatively very little above the normal. There is no 
proportion between the changes in both heat and CO... The increased excretion of 
CO.., in fever when present, always falls short of the invariable increase of excretion 
of urea. If we calculate, from the amounts of urea and CO. which are excreted, 
the quantity of decomposed albumen and fat, we find that during a day of fever 
(under favorable circumstances) even less fat is burned than during a day of fasting. 
{Med. Centrlbl., 1871, No. 47 et 48.) 

A mode of estimating the production of heat which is more certain than 
the calorimetric method, consists in the comparison of the metamorphosis 
of tissue and the loss of weight of a body at one time in a febrile, and at 
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another time in a non-febrile condition—such as hunger. It is true that 
it is difficult to make such experiments upon one and the same man, yet it 
is possible, by the comparison of the average losses of hungry non-feverish 
men with those of feverish individuals, to learn that in both the loss of 
weight is about in equal proportions, though perhaps a little greater in the 
former; and we may therefore conclude that for the production of febrile 
heat no more body-constituents are consumed than under usual condi¬ 
tions. 

Senator ( Virchow's Arch ., XLV., p. 388) attempted to show directly that the 
production of heat in fever cannot be much increased. He fed dogs until they were 
in equilibrium of nitrogen receipt and loss, allowed them to fast for two days, and 
each day measured their weight and their excretion of urea. After they had 
recovered from this disturbance and regained their original weight he made them 
feverish by means of hypodermic injections of pus, and carried out measurements 
as before; comparing the variations in the excretion of urea and those of body- 
weight in the periods of hunger and of fever. Any difference observed under these 
circumstances must be the result of the febrile process alone. There were noted 
first an increase in the amount of urea excreted, and also a small and relatively 
smaller increase of consumption. This smaller increase of tissue-consumption in 
fever as compared with what occurs in the fasting state, S., judging by results ob¬ 
tained by himself, considers as quite compensated by the increased excretion of the 
products of combustion of albumen, by the increased loss of water; while the non- 
nitrogenous substances are not. according to him, liable to greater combustion than 
in the non-febrile state of inanition. 

Consequently it can only be stated in a general way that the production 
of heat m fever is on the whole increased. Opinions differ as to the 
amount of increase, and it is presumably only moderate. The correctness 
of this supposition seems to be justified by the small, even to a certain 
extent doubtful increase of the consumption in fever as compared with 
that in the fasting state. Especially is it doubtful whether the non-nitro- 
genous substances take much part in this increase; it is most probable that 
the increased excretion of CO.> observed under special conditions may be 
explained by something else besides its simultaneously increased formation. 
The increased excretion of nitrogen in fever only indicates a greater com¬ 
bustion of albumen, which, compared with the fat, of which according to 
rule much larger quantities are decomposed, can cause but a small increase 
of heat. It is not possible to decide whether this increase is primary or 
secondary, produced only by the heightened temperature of the blood. 

A most important tissue as regards the amount of decomposition of albumen is the 
MUSCULAR tissue. Clinical observations show that in the majority of cases fever is 
accompanied by strongly-marked muscular weakness throughout the body, and not 
rarely also by painful sensations in the muscles (as in relapsing fever). Patients 
convalescing from fever remain a long time unfit for severe muscular action, and 
often this muscular weakness is disproportionate to the general exhaustion. We owe 
to anatomical investigation the demonstration of very important alterations in the 
muscles in fever, and in morbid processes which affect the nutrition of the tissue in 
a similar manner (inanition, acute anaemia, poisoning; ; and by chemical studies we 
have learned that there occurs in fever an increased excretion of creatinin and alka¬ 
line salts with the urine (Salkowski, Virch. Arch ., LIII., p. 209), derived in all 
probability from the muscular tissue, which is normally very rich in these substances. 
Besides, direct chemical analysis is in favor of the view that muscles participate in 
the febrile process. According to Manasse'in ( Virch. Arch., LVI., p. 220), the maxi¬ 
mum amount of alcoholic and watery extractive matters to be found in the muscles 
of feverish animals is less than the minimum of those in the muscles of animals free 
from fever ; and, also, the amount of alcoholic extractives in the muscle of fever¬ 
ish animals is relatively increased, compared with the watery extractives (lactic acid? 
creatinin?); lastly, the proportion of nitrogen is increased in the alcoholic extract- 
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ives, and is not changed in the watery extractives. If the facts thus directly indi¬ 
cate an influence of fever on muscle, such an influence is made highly probable by 
a consideration of the mass and significance of muscles. Muscles constitute fully 
one-half of the weight of the body ; one-third of the blood not contained in the 
heart and bloodvessels is in the muscular tissue ; circulation and metamorphosis are 
much more active in them than in many other parts of the body. It is thus easy to 
understand why interruption of muscular activity (by curare, compression of the 
aorta) produces a marked diminution of body-heat, and that direct measurement 
has shown that, as in feverish animals, the temperature of the muscles exceeds that 
of the blood in the left side of the heart, whereas the contrary condition exists in 
health (Heideniiain, Arch. f. d. ges. Phyx ., III., p. 5(52). — Consult M.vnassein, 1. c. 

RjniUG and Zuntz (Arch. f. d. ges. Phyx ., IV., p. 80) also insist upon the great 
importance of metamorphosis in muscles for the regulation of heat; they think it 
probable that the regulation of heat is in the first place controlled by constant 
weak reflex excitations of the motor nerves, which vary with the differences of tem¬ 
perature in the animal body and its surroundings. They consequently reject the 
current opinion (based on the fact that body-heat is greatest in the abdominal cavity) 
that the true source of animal heat is to be sought in this cavity. Especially should 
we not draw too hasty conclusions from the fact that the blood of the hepatic veins 
is so very warm. Whereas the heated blood issued from the muscles becomes mingled 
in the peripheral organs generally with the much cooled blood of the cutaneous ves¬ 
sels, the blood of the unstriped muscles and of the glands of the intestinal tract is 
collected without cooling in the least by the branches of the portal vein. This 
already heated blood next passes through the liver—an organ so completely pro¬ 
tected against refrigeration ; and thus naturally the least increase of heat produced 
by processes of oxidation in the glands suffices to elevate the blood of the hepatic 
veins and the liver itself to the highest possible degree of temperature. 


4. In some few cases, especially those in which the question of the origin 
of hyperpvretic temperatures presents itself, an increased production of 
heat may occur as the result of processes more or less foreign to healthy 
life, and which give rise to so much heat that the channels by means of 
which heat is lost are unable to equalize the temperature; and this is more 
especially the case if those channels be in an abnormal condition. Thus 
in conditions of long-continued cramps and muscular contractions, in fer¬ 
mentative processes, as well as perhaps in the febrile state produced by the 
transfusion of the blood of fever, or the introduction of products of inflam¬ 
mation or of decomposition of tissues into the organism, in abnormal 
activity of the vaso-motor nerves, or particularly paralysis, of one of the 
central organs which moderate the body-heat. 

Continuous muscular contractions of long duration, as for example, 
in severe attacks of epilepsy and tetanus, as well as extreme muscular 
exertion in general, may, especially in irritable and sensitive persons, con¬ 
valescents, and others, decidedly increase the heat of the body. As a rule, 
this disorder is corrected in a very short time, as soon as the cause ceases to 
act (when, for example, the tonic contraction is over), because the channels 
of escape for heat are normal and suflice for any but an excessive produc¬ 
tion. With an abundant escape of heat no rise of temperature may show 
itself; at least we often enough witness severe and prolonged muscular 
contractions produce no increase of body-heat, or only a slight and tem¬ 
porary increase of it. There is sometimes a moderate persistent fever in 
diseases characterized by tonic muscular contractions, although it is not to 
be assumed that these are the direct cause of the increased temperature. 
If death occurs during severe tonic spasms, or with a high temperature 
shortly after their cessation, then death is not brought about so much by 
the stagnation of the superabundant heat produced in peripheral parts (the 
muscles), as by a paralysis of certain parts of the central nervous system, 
which exert a most important influence upon the animal heat [vide inf ra). 
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G-untz ( Inaug. Piss., Leipzig, 1862; Allg. Ztschr. f. Psych., XXV., p. 165), after 
experiments upon animals and man, reaches the following conclusions respecting tha 
conditions of the temperature in the tonic spasms of tetanus. A single attack of 
spasm may occur without any change appreciable to the thermometer: the only 
consequence is a lowering of temperature without subsequent rise. After this fall, 
the mercury remains for a while at the same level, then rises either not quite up to 
its previous height or quite up to it. After the primary fall there may occur an 
immediate rise in a variety of ways. This re-ascent of temperature takes place in 
fully one-third of the cases (37) even in the first minute, more often in the third 
minute or later. The least amount of variation of temperature coincides with the 
least degree of spasm, and the most considerable rise of temperature with the most 
severe spasm. It is impossible to say upon wliat depends the regular fall of tem¬ 
perature which takes place just before or during the spasms. 

Leyden has also attempted to investigate, by means of experiments on rabbits 
and dogs, what share the abnormally increased muscular action had in the unusually 
great increase of temperature observed in fatal tetanus (Wunderlich cited at 
p. 625). The animals were tetanized to exhaustion by means of broken electrical 
currents; the electrodes being inserted under the skin of the back. There was found 
a rise of only 1° C. in rabbits, of 5" C. in dogs ( Virch . Arch., XXVI., p. 538). 

Billroth and Fick ( Vjschr. d. Natrfrcfi. Oes. zu Zurich , 1863. VIII., p. 427) 
experimented in the same way. They observed in dogs a rise of fully 5 C. They 
also determined the existence of a fall of temperature introducing the attack of 
spasm, in the rectum; a thermometer introduced between the muscles of the pos¬ 
terior part of the thigh showed, during the intervals of rest, a greater fall of tem¬ 
perature than that indicated in the rectum, and showed a quicker rise during the 
attacks. In general, the maximum of temperature appears later in the rectum than 
in the muscle, if the tetanus be interrupted: this being explained by the fact that 
at the close of the tetanus the muscles are warmer than the other tissues, and that 
then the rectal temperature rises by equalization of the body-heat. In the same man¬ 
ner a partial explanation of the post mortem temperature may be made. Billroth 
{Arch. f. klin. C'hir., XIII., p. 614) made the supplemental' observation, that the rise 
observed in the thermometer during attacks of spasm (the instrument being in the 
muscles) is not caused or modified by compression of the mercurial bulb, but expresses 
a true increase of temperature. He furthermore observed that a tetanus localized in 
the right leg was sufficient to raise the temperature of its muscles to a point higher 
than that of the rectum; the equilibrium between the two temperatures beiug 
reached after about one hour. 

Wunderlich {Arch. d. Ileilk. , 1864, V., p. 223) thinks Leyden’s idea, that in 
tetanus the want of the discharge of muscular action into mechanical labor (if the 
muscles are mutually in equilibrium, there is, so to speak, no motion produced) is 
capable of increasing body-heat (according to Beclard), worthy of consideration. 
The same factor may also play a part in the rise of temperature observed in fettered 
animals (compare Billroth, 1. c., XIII., p. 611). 


To the category of fevers presumably produced by fermentative processes, 
belong all those which ensue after injuries of all kinds. There is a large 
number of wounds, some of them severe, in which no fever shows itself. 
Consequently, fever is not an essential accompaniment of wounds as such, 
but is always an accidental affection. The period during which a wounded 
person may develop fever varies from the time of the reception of the 
injury to the healing of the wound. It is, however, the rule that, in those 
cases in which fever makes its appearance, it begins on the second day and 
continues until the seventh. The duration of traumatic fever is even 
more variable than the time of its first appearance. If a subject of opera¬ 
tion is free from fever at the expiration of the fourth day, he will probably 
remain without fever. 

If the temperature of operated patients be carefully taken both before 
and after the operation, it will be found that, as a rule, the body-heat first 
sinks, though seldom under the normal, and very soon reascends. Continuous 
observations reveal three principal types, as follows: 1. The variations of 
temperature remain within the maximum of the normal range (assuming 
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this to be 38° C.). 2. The temperature slowly rises above 38° C. 3. It 
suddenly rises, and usually much, even to as much as 40° C., in a few 
hours. At times there are intercurrent falls of temperature, which are 
usually followed by renewed elevations. It is absolutely established that 
the mode of injury and its immediate consequences, as far as effects upon the 
tissues are concerned, do not by themselves constitute factors capable of 
explaining the states of the temperature referred to above. 

Billroth (Arch. f. klin. Chirurg., 1872, XIII., p. 579), whom the author follows 
in stating these phenomena, refers to the following conditions as capable of modify¬ 
ing the body-heat immediately after operations. 

a. Loss OF blood. Large losses of blood, and naturally those occurring spontane¬ 
ously as well as those produced by bloodletting, are followed, in the sick as in the 
well, by a rapid falling of the temperature, which, if death or a marked improve¬ 
ment in the disease does not take place, is soon corrected. The effect of bloodlet¬ 
ting is a very transitory one. According to Traube, even the radial artery may, 
after a copious bloodletting, re-assnme its former degree of tension in a few hours, 
and at the end of the same length of time the thermometer will indicate a higher 
temperature than before the operation. The observations of Zimmermann ( Ztg. d. 
Vtr.f. HeiUc. , 1855, No. 27) on man, and those of Bergmann (Petersb. Ztschr., XV., 
p. 89) on animals, as well as those of Frese and Kettlek (Dm. Dorpnt , 18(56 et 
1867 ; Virch. Archie , XL. et XLIII.), are in agreement with the above. Bergmann 
explains tbe secondary elevation by the augmented entrance of products of physiolo¬ 
gical metamorphosis into the vascular system, as must take place because of the 
lessened lateral pressure upon parenchymata. Since this elevation of temperature 
takes place in well persons, there is no need to assume a special irritation of the tis¬ 
sues as necessary to the formation of such “ pyrogenic” products. In this connec¬ 
tion compare Gietl (Die Cholera u. s. w. IWiinchen, 1855), who supposes that “fever 
is chiefly produced by a certain alteration in the fluids of the tissues, brought about 
by certain substances.” (Possibly the severe attacks of fever which appear after a 
diarrhoea at first not attended by fever, in children, are to be explained in the same 
manner as the rise of temperature after bloodletting.) 

b. The NARCOSIS of chloroform. Under the influence of chloroform there 
occurs a lowering of the body-heat, presumably caused by diminution of the rapidity 
of metamorphosis in consequence of reduced activity of the heart-muscle. The 
property which chloroform has of reducing the temperature of the body was known 
through Dumeril and Demarquay, in 1848. (Compare Scheinesson, Arch. d. Ileilk., 
1869, X., p. 36.) The latter discovered that this fall of temperature took place as well 
under conditions which rendered increased loss of heat though the respiratory 
organs impossible, as under such as reduced the loss of heat through the skin to a 
minimum. This points to lessened production of heat. 

c. The pain of wounds. This takes but little part in the reduction of tem¬ 
perature which is observed immediately after injuries. According to Heidenhain 
(Arch. f. d. ges. Phys., III., p. 508), the temperature of the internal parts of the 
body falls upon irritation of sensory nerves anywhere. It rises again after cessation 
of the irritation, sometimes rapidly, sometimes unusually slowly, so that by means of 
repeated irritations, each of which causes a rapid fall of temperature, a marked and 
lasting depression may be produced. Perhaps the section of large nerve-trunks exerts 
a lowering influence upon the body-heat. Jordan and Fisciier ( Volkm. Samml. 
klin. Vortrdge, No. 10) observed in “shock” (which according to F. is to be consid¬ 
ered as a reflex paralysis of the vascular nerves, particularly of the splanchnic), pro¬ 
duced by traumatic irritation, a decided lowering of the bedy-heat. Billroth, though 
unable to support this view by experiments, concedes that the wounding of internal 
organs at least can produce such an enormous diminution of temperature as would 
not be produced by the concomitant loss of blood. By means of irritations continued 
2-3 hours he could not with certaiuty produce fever. 

d. Prolonged exposure of the patient. After operations performed in insuf¬ 
ficiently warmed rooms there occurs a moderate degree of collapse, a proof of the 
insufficiency of the heat-regulating power of the organism when the loss of heat is 
too great. (Senator.) 

If, through the above-named circumstances, the normal condition of tem¬ 
perature has been changed to an abnormal one, it is easy to understand that 
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a further disorder easily sets in—that the patient is feverish after a longer 
or shorter time. 

All the remaining phenomena of traumatic fever in man are best 
explained by the hypothesis, that it is dependent upon inflammations set up, 
not by the injury itself, but by septic processes taking their start in the 
wound. It is most probable that the fever is caused only by spores which 
enter the blood through the wound, and that sepsis is the result of vibi'i- 
onic putrefaction. To what degree these inflammations of the wound and 
the fever dependent thereon are developed, or whether they develop at all, 
depends upon the nature of the wound, the mode of dressing, the state of 
the atmosphere in which the patieut is, the mechanical factors which favor 
the entrance of putrid substances into the tissues and the blood, upon the 
quality of the putrid substances, the intensity of their inflammation-pro¬ 
ducing (plilogogenic) and heat-producing (pyrogenic) activity, etc. Conse¬ 
quently, if immediately after a wound or operation the temperature sud¬ 
denly rises, it is possible that an infection, direct or indirect, of the wound 
has occurred, or that inoculation with a pyrogenic substance has taken 
place. Among other means, the quick removal of the infecting inflamma¬ 
tory focus is necessary in order to bring the fever to an end. 

The following account of the simple fever which accompanies wounds, 
“traumatic fever,” is sufficient for clinical purposes. Traumatic fever 
lasts from one to seven days and more, without any tendency to cease on 
any particular day ; it is continuous with the secondary fever (after the 
seventh day) in cases of severe injury, and even in cases of accidental 
inflammation and suppuration. The highest temperature is attained in 
traumatic fever on the first or second day, seldom from the third to the 
fifth days, very rarely later still; the temperature may rise higher in the 
secondary fever. 

In septicaemia, the temperature is, as a rule, very high in the beginning, 
and later becomes very low; though there are cases in which it is low at 
the commencement and never rises very high; and even in some rapidly- 
fatal cases it sometimes hardly exceeds the normal. Death may occur at 
any point of these oscillations of temperature; or it may follow a rising 
high temperature, or one falling far below the normal. In its course chills 
are exceedingly rare. 

The same features characterize the pyaemic forms of disease, when these 
are superadded, so that the distinction of traumatic from purulent fever, 
and still more that of septicaemia from pyaemia, is only a graduated and 
uncertain one, because of the absence of objective statistically useful data. 
As a rule, the beginning of fever in the pysemic form is distinguished by 
great rise of temperature during a chill, after the previous existence of a 
more or less marked fever, or after none at all; and yet it cannot be 
assumed that the more intense dangerous infection has taken place in this 
chill. Immediately before the chill, the temperature sometimes exhibits a 
short depression, sometimes an elevation, or again no change at all; during 
the chill it usually rises above 40° C., and often attains nearly to 42° C., 
and afterward it falls suddenly almost to the normal, as a rule. At this 
time an exceedingly variable course of temperature sets in, chiefly modified 
by the rapid or slow sequence of the succeeding chills, as well as by the 
average temperature of the remaining course of the disease. The chills, 
with their accompanying enormous or moderate elevations of temperature, 
follow each other more or less frequently. Generally they are few in 
number, rarely more than five or six before death ; still more rarely does a 
patient have more than one chill in twenty-four hours; and they occur 
43 
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much more often in the daytime than at night. In the interval there is 
sometimes, during several days, a tolerably regularly remittent, or even a 
continued type of fever; though more usually there occur more or less 
irregular variations of temperature even down to the normal, in the vicinity 
of which the temperature may linger for days. Death may take place at 
any time during such a course of temperature, as well with a normal or 
nearly normal body-heat as with greatly increased temperature. The 
much rarer recovery, which occurs only in mild cases, makes its appearance 
after cessation of the chills, and with a gradual decline of body-heat. 
Nothing certain can be stated about the duration of pyannic fever, because 
it is impossible to determine with exactitude at what time tbe dangerous 
or even fatal infection began. The patient will succumb or recover sooner 
or later, according to the intensity of the poison, the power of resistance he 
possesses, etc. 

A number of observers have instituted experiments to determine the 
nature and the mode of origin of septicaunic and pyannic fevers. 

The oldest noteworthy investigations of Billroth and 0. Weber date from 
1802-4 ; and in what follows mention will only be made of the most important con¬ 
tributions of still more recent date. 

Billroth {Arch. f. kl. Chirurg ., XIII., p. 628) injected a small amount of filtered 
infusion of putrid dog’s flesh in the blood, or under the skin. With relatively large 
amounts death soon ensued with a rapid fall of temperature ; with smaller amounts 
there occurred a rise of temperature, usually even in the first hour, sometimes in the 
third or fourth hour, and this fever lasted from four to eight hours. Fresh pus 
injected into the blood or into the cellular tissue sometimes produced fever, sometimes 
did not. After injection of large amounts of water a disturbance of temperature, 
perfectly analogous to that set up by injection of pyrogenic fluid, may show itself; 
consequently the positive result of the above experiment is very uncertain. The 
temperature of the water used for injection is without influence, and the evacuation 
of a quantity of blood corresponding to the volume of water does not prevent the 
elevation of body-heat. 

Bergmann {Pctersb. med. Zeitschr ., XV., p. 16) discovered, by means of numerous 
experiments upon pyannic and septicaemic processes, that after the injection of putrid 
substances and of the tissues of inflamed parts, there occurs a sudden rise of tem¬ 
perature, quickly followed by a fall to the normal, if death or further local disorders 
does not take place. It was further shown that after the injection of large quantities 
of distilled water, or after transfusion of healthy blood or blood-plasma, the same 
oscillation of temperature may occur, though usually to a moderate extent. There¬ 
fore B. came to the conclusion ‘‘that there is only a graduated difference, not a 
specific one, in the effects of putrid matter, products of inflammation, or products of 
ordinary metamorphosis upon body-heat; that it is not merely specific inflammatory 
products which, circulatiug in the blood, act as fever-producing agents, but that the 
same effect may result from substances which have been produced by decomposition 
of tissues in the usual course of metamorphosis.” 

Injection of putrid substances directly into the veins shows “that immediately 
after the injection the temperature begins to rise, reaching a maximum between the 
second and third hours, and returning to the normal in three or six hours. As soon 
as lesions occur at the punctured spot or at a distance from it the body-heat remains 
for a long time above the normal. In the worst cases of putrid injection, which con¬ 
duce to death in twenty-four hours, the temperature at first rises in a typical way, 
remains elevated for a while, and often falls a good deal just before death.” With 
injections into the subcutaneous cellular tissue the temperature-curve varies with the 
local inflammations which arise. In case of slight local trouble there occurs a sudden 
rise of temperature immediately after the injection, and then a prolonged slight fall 
to a certain height. Before the breaking of abscesses there is always an exacerbation. 
In case of a severe local lesion the fever runs a course quite parallel to it; it remains 
continuously at a considerable height until death, and it is only during the agony that 
for a shorter or longer time there is a fall. 

Furthermore, B. experimented with pus and other products of inflammatory disin¬ 
tegration of tissues. He injected pus-serum as free as possible from corpuscles 
obtained by filtering pus diluted with water; and the filtration was done under so 
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low a temperature, and so little time (not more than an hour) was allowed to elapse 
between the obtaining of the pus and its insertion into the animal, that the fluid used 
in the experiment may be considered as unchanged. After the introduction of rela¬ 
tively small quantities of pus-serum in the circulation, there appeared exactly the 
same temperature-curve as after the injection of putrid substances. The above-de¬ 
scribed typical fever, following at once upon the injection, passed into a more or less 
prolonged atypical fever only when further local lesions were produced by the opera¬ 
tion itself or by the injected substances. Subcutaneous injections of fresh or boiled 
pus and pus-serum exerted precisely the same influence upon the temperature as in¬ 
jections of putrid fluids. As an indirect consequence of the elevation of temperature 
produced by resorption of the injected matter, there may arise anew a fever dependent 
upon a local lesion. This fever keeps pace with the local trouble, increases with its 
spread, remains at a stand-still as long as this does not increase, and ceases upoD its 
disappearance. 

Besides, B. injected the fluid of acute inflammatory oedema and of inflammatory 
transudates, but only under the skin. It was first shown that there were set up 
rapidly extending inflammatory processes in the subcutaneous cellular tissue. The 
temperature increased as before ; but the peculiarities of those parts of the fever- 
curve which were connected with the local lesion were interesting. An exacerbation 
by pushes (schubweises) is characteristic of the fever of progressive suppuration ; and 
there occur in its course sometimes remissions with regular evening exacerbations, 
sometimes intermissions. It is otherwise in acute inflammatory oedema. In this the 
fever resembles that of acute septicaemia in man; febrile paroxysms are not notice¬ 
able, but the temperature rapidly rises to a considerable height, and continues at that 
elevation. 

B. furthermore established that the elevation of temperature observed in his ex¬ 
periments did not depend upon other causes than those brought to bear in the experi¬ 
ments, as, for example, individual variations in the physiological body-heat of the 
animals experimented upon, strong muscular exertions, etc. Injections of neutral 
substances, e.g ., distilled water, produced no elevation ; while, on the contrary, this 
did show itself after the injection of large volumes of water, and small amounts of 
irritating substances, e.g.. sulphide of ammonium, in the same manner as after injec¬ 
tions of pyrogenic materials. This B. explains by the assumption that these substances 
first irritate the tissues, and that it is only the products derived from irritation of 
tissues which act in a pyrogenic manner. Among other things which are in favor of 
this explanation, there is the elevation of body-heat through increase of oxidation- 
processes in the organism, as produced in animals by the injection of binoxide of 
hydrogen (ASSMUTH. Dm. inaug., Dorpat, 1864); and as shown after withdrawal of 
blood (vide supra). Besides, the comparison of transfusion of healthy and of feverish 
blood in dogs teaches that the former transfused in small quantity produces no increase 
of body-heat, that when used in greater quantity it sometimes give rise to a distinct 
fever, and that this is regularly produced by transfusion of feverish blood. Conse¬ 
quently feverish blood does not operate in a specific manner, but only differs in degree 
of activity from healthy blood. The temperature after injection of feverish blood 
appears just as it does after injections of putrid fluids, and B. rightly sees in this a 
confirmation of his opinion that the fever-producing effect is obtained by means of 
natural products of tissue-metamorphosis. 

Consequently, observations upon variations of temperature after diverse injections 
did not enable B. to determine differences in the substances injected. 

Billroth (Arch. f. klin. Chir ., XIII., p. 035), as well as others, has corroborated 
Bergmann’s observations. 

With respect to the origin of tiie elevation, Billroth advanced the opinion 
(Arch. f. klin. Chir ., IX., p. 118), that traumatic and inflammatory fevers arise 
through the absorption of pyrogenic substances, produced upon or in the wound, or 
from such as are deposited upon it. The intermissions of traumatic fever chiefly 
depend upon the intermittent taking up of the infecting body into the blood ; and 
he also noticed that chills were more dependent upon the absorption of purulent than 
upon that of ichorous matter. “Once introduced into the tissues, the poisons in 
question act like ferments; it is not by an atomic infectious substance that the 
infected individual is made so very ill, but because the atom of poison sets up an 
inflammation whose products are highly toxic, and it is these which repeatedly 

poison the blood.The infectious substances of this category all act, in the 

first place, in a phlogogenic way ” (p. 123). 

In his most recent work (1. c., XIII.) B. does not maintain this view so absolutely, 
but, because of its similarity under different conditions, and because of its rapid 



ore 


INFLUENCE OF NERVOUS SYSTEM ON HEAT. 


development and short duration, he does not connect the initial fever of experiments 
by infection, with an inflammation. Inflammation is not produced by injections of 
water, blood-serum, etc , which do set up fever. Incidentally he refers to the fact 
that although embolisms of the pulmonary arteiy produced by particles of starch 
and charcoal cause fever, they do not set up inflammations, as an additional proof 
that the former may exist without the latter. 

Behgmann (1. e., p. 44) thinks that we do not possess any positive evidence show¬ 
ing that there occurs a kind of fermentative change in the blood after injections of 
putrid substances. As far as increase of temperature is concerned, the results of 
injection into the veins are certain proof that the infection-fever is transitory ; when 
there is persistent fever there must accordingly be a constant supply of fresh infec¬ 
tious material to the blood, and this probably from newly-produced local disorders. 
In putrid intoxications there is question of a poisonous effect completely analogous 
to the operation of other toxic solutions injected into the blood ; death follows, or 
the poison is quickly eliminated, and the disorder subsides, or else there are de¬ 
veloped lesions here and there, which may of themselves give rise to new general 
phenomena (among others to fever). It is only the first-observed increase of temper¬ 
ature which can be referred to the absorption of the poison, while the remainder 
of the fever-curve (by far the larger part) must be attributed to the effect of local 
lesions. That the first rise of temperature in case of subcutaneous injections can¬ 
not be produced by local processes, is shown besides by the quickness with which it 
appears (which is quite as great as when the injection is made in the veins), espe¬ 
cially by those cases in which reaction at the point of injury is absent, and in which 
the temperature rises and falls according to the type characteristic of injections of 
putrid solutions into the blood. 

According to Sapalski ( Verb. d. Wurzb. phys. med.-Gcs., III., p. 142), in the 
operation of pus-injections there is neither a condition of simple retention of heat 
nor a mere combustion of the injected substances, but there is produced a long- 
continued increase of production of heat which must be dependent upon a special 
long-acting, ferment-like effect of the pus. 

It has been sufficiently well established by numerous contributions, how 
great an influence the central nervous system exerts upon the distribu¬ 
tion of blood throughout the organism, and upon the temperature of its 
various parts. This influence is chiefly owing to the capacity which the 
nervous system has of producing contraction of the muscles of bloodvessels. 
Our knowledge of the influence of the central nervous system upon the 
production of heat is very much less. 

Ludwig and Spiess discovered that the secretion of the sub-maxillary gland pro¬ 
duced by irritation of the chorda tympani showed a temperature 1°—1.5 0. higher 
than that of the blood of the artery leading to the gland, and concluded that an in¬ 
creased production of heat takes place under the influence of nervous excitation. Be¬ 
sides, pathological observations show that injuries of the central nervous system are 
capable of causing increased production of heat. B rod IE (Med.-Chir. Trans., 1837, 
p. 410) fouud that at the end of forty-two hours after crushing of the lower part 
of the cervical enlargement of the spinal cord, the temperature was 43.9 C. ; Bill¬ 
roth noticed, fifty hours after crushing of the spinal cord consequent upon a fracture 
of the sixth cervical vertebra, 42.2° C. ; Simon saw a man die with a temperature 
of 44' C. three days after contusion and apoplexy of the dorsal part of the spinal 
cord, with fracture of the twelfth dorsal vertebra; Naunyn observed, nineteen hours 
after fracture of the fifth and sixth cervical vertebra and crushing of the spinal 
marrow, 43.6 C. in the axilla, and already fourteen hours before it had been 
37.6° C. 

Since the rapidity with which the rise of temperature made its appear¬ 
ance, and the absence of preceding signs of irritation make it unlikely that 
the elevation was caused by any reactive inflammation of the spinal cord, 
it appears certain that in man a great increase of temperature may be pro¬ 
duced by section of this organ, especially in its lower cervical part. 

The results of experimental injuries to the spinal cord in animals have 
given results in striking contradiction with the above clinical experience. 



TEMPERATURE IN SPINAL INJURIES. 


677 


After total section of the spinal cord there usually occurred a more or less 
rapid decrease of body-heat. 

TsciiESCnrcniN found, after section of the spinal cord (the more marked the higher 
the section was made), a diminution of temperature; and on the contrary a care¬ 
fully done transverse section of the medulla oblongata, so made that it touched the 
posterior part of the pons Varolii, almost instantly caused increased rapidity of the 
heart’s action, of respiration, of the blood-stream, and an elevation of temperature. 
These phenomena were, consequently, produced by the integrity of the spinal cord 
and by the increased activity of its centres, which are in a measure independent and 
as such more active, but which are also dependent upon the brain which moderates 
their actions and holds them in equipoise. T. refers to the moderating centres 
described by Setschenow in the brain, centres whose excitation reduces reflex 
actions, and whose palsy increases them. {Arch. f. Aunt., Phys. u. s. w. , 18Gb, p. 
151; D. Arch. f. kiln. Med ., II., p. 599.) Besides, he accidentally discovered that 
it was possible to retard or even to prevent for awhile, the usual rapid sinking of the 
temperature which follows section of the spinal cord, by carefully covering the 
animal. 

Fischer (Med. Ctrlbl. , 1809, No. 17) concludes from experiments and clinical 
observations that there exists in the cervical part of the spinal cord an inhibitory (or 
regulatory) centre for temperature, excitation of which causes a rise of temperature, 
and thinks that this centre must be sought for in the anterior columns of the cervical 
enlargement. 

Heidenhain (Arch. f. d. ges. Phys., 1870, III., p. 578) observed that: section of 
the brain at the limit between the pons Varolii and the medulla oblongata may cause 
an increase of body-heat; injury to the posterior border of the pons and the ante¬ 
rior part of the medulla by a simple stab with a needle is no less effectual, while 
such a wound of the anterior border of the pons is without effect. The rise of 
temperature frequently begins immediately after the operation ; occasionally this 
is preceded for a short time by a depression. The rise thus produced may last 
until death ; in other cases, after a certain height has been attained, the mercury 
begins to fall, and in such a case a second stab may cause a renewed elevation. The 
increase of temperature does not take place merely in internal parts, but in the 
peripheral parts of the body. H. infers from this that the elevation is not due to a 
diminution of the giving off of heat, but to an increase of heat-production. The 
assumption of Tschesciiiciiin, that the increase of temperature is consequent upon 
the separation of hypothetical moderating cerebral centres, does not appear tenable 
to him. It appears much more probable to him that this may depend upon excita¬ 
tion of the centres which regulate the temperature of the body, and trios to fortify 
this opinion by means of experiments consisting in electrical irritation of those parts 
of the brain, by which in the course of one or two minutes an increase of body-heat 
is produced. 

Further investigations upon the influence of the nervous system upon body heat 
showed H. (1. c.. p. 504), that by irritation of sensory nerves, the temperature of the 
arterial blood, as well as that of the internal parts of the body, is made to fall 
0.2“ C. in 1-li minutes, and that this depression does not appear if the medulla be 
separated from the spinal cord; while separation of the former from the pons is 
without effect. Immediate irritation of the medulla oblongata by electrical means 
or interruption of artificial respiration operates in a similar way. It follows that 
irritation of sensory nerves exerts an influence upon the temperature only through 
the medium of the medulla oblongata. At the same time, with depression of the 
temperature there occurs an increase in the arterial pressure, and the speed of the 
blood is made more rapid ; and in consequence there is a greater giving off of heat 
from the surface of the body. The diminution of temperature must, consequently, be 
the greater, the cooler is the surface. In accordance with this, H. finds that in a cold 
bath of 14’—18“ C. the internal heat rapidly diminishes, and that this fall is hastened 
by irritation of sensory nerves. In a warm bath the temperature rises, and irritation 
of sensory nerves slightly retards this rise. If, consequently, all the observed phe¬ 
nomena can be explained by alteration in the giving off of heat from the surface, 
the hypothesis of an immediate influence of the nervous system upon the production 
of heat is not required. In feverish animals the artificially produced decrease of 
temperature does not at all occur, or appears but slightly—a circumstance which H. 
would explain by the increased temperature of the surface. The influence of nerve- 
irritation at once shows itself if the surface be artificially cooled. 

Naumaxx had already ( Prayer Viert&jhscft , 18G7, XCIII., p. 133 ; Arch. f. Phys., 
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V., p. 201) called attention to the fact that irritation of sensory nerves, as for ex¬ 
ample in consequence of a strong irritation of the skin, constantly produces a dimi¬ 
nution of body-heat. This shows itself, according to him. usually after a shorter or 
longer period of increased temperature which is often noticed during the irritation, 
often begins after the cessation of the irritation, and frequently does not come to 
an end in half an hour. 

According to HEIDENHAIN, this diminution of temperature is brought about by 
changes in the circulation. At first the resistance to the flow of blood increases by 
a wide-spread contraction of the smaller arteries, though through this the activity 
of the heart increases more rapidly than the resistances, thus causing greater rapid¬ 
ity of the blood-current. In consequence of this more rapid circulation, larger 
quantities of blood pass through the colder peripheral parts of the body in a given 
time. Thus there is brought about a more rapid partial equalization between the 
latter and the warmer internal parts. While the temperature of the periphery in¬ 
creases, and therefore the loss of heat outward becomes greater, a fall of tempera¬ 
ture must occur in internal parts. Riegel (Arch. f. d. ges. Phys ., IV.. p.383) 
denies the constancy of the above phenomena, as well as the admissibility of 
Heideniiain’s explanation. 

On the contrary, Naunyn and Quincke (Arch. f. Anat ., Phys. u. s. w., 1869, pp. 
174 et 521) showed that crushing of the spinal cord (usually at the level of the sixth 
cervical vertebra, within the slightly opened dura mater) is followed by an increase 
of temperature ; that this rise is so much the greater, the higher the crushing is done, 
and that this elevation of temperature with the greatest probability must be referred 
to an increase of production of heat. He explains the fact that all former observers 
had observed a lowering of.temperature after division of the spinal cord, by the two¬ 
fold effect of this operation, the one an increase of heat-production, and the other 
an increase of the giving off of heat, as caused by the abolition of the activity of the 
vaso-motor nerves in the palsied parts. These two results of division of the spinal 
cord operate in an antagonistic manner, so that the resultant, the body-heat, must 
rise or fall according to the preponderance of one or the other effect. In small animals, 
and under circumstances favorable to loss of heat, there is generally observed dim¬ 
inution of temperature ; but by modifications of external conditions by which some¬ 
times heat-production, sometimes loss of heat is favored, it is possible to obtain 
either a rise or a lowering of temperature. An elevation is chiefly observed 
if the largest possible animals be made use of, since in them loss of heat is notably 
diminished. 

Rtegel (Arch. f. d. yes. Phys.. 1872. V.) and Rosenthal deny that from the 
rise of temperature following section of the spinal cord the conclusion of increased 
production of heat can be drawn ; there is only a greater loss of heat compared with 
what takes place in normal animals. 

Consequently, it seems to be established that by the above-named injuries 
to the nervous system the regulation of heat in the animal organism may 
be so disordered, that with increase of heat-production and of loss of heat, 
the body is no longer capable of maintaining its normal temperature : the 
result of such a disturbance of equilibrium is, under favorable circumstan¬ 
ces, a lasting rise of temperature above the normal. 

It is, however, not proven that every increase of bodv-heat must be 
referred to a disorder of the central nervous system; and still less is the 
nature of this disorder understood. 

Naunyn and Dujbczcanski (Arch. f. exp. Pathol., I., p. 181) have attempted to 
solve this question in the case of the fever produced by injection of pyrogenic 
substances. Those substances may be considered as fever-exciting, for the reason 
that they cause a primary functional disturbance of those parts of the central 
nervous system which regulate animal heat, or because (according to Keeks) 
they contain, on the one hand, materials which possess the power of transporting 
oxygen, i. e ., of acting as oxidizing agents, and on the other hand they are collectively in 
a fermentable state, and can induce fermentative processes in other parts of the body, 
and it is upon their occurrence that the appearance of oxidizing substances depends. 
Fermentation is by no means limited in extent by the amount of ferment introduced. 
Now, Sapalski observed in many experiments that the temperature did not rise after 
the introduction of active pyrogenic substance in rabbits, but that it, on the contrary, 
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diminished, and he was obliged to assume that this fall is caused by the enormously 
increased loss of heat in the febrile condition; it can be checked by raising the tem¬ 
perature which surrounds the animal, and by this means even an elevation of body- 
heat may be obtained. In accordance with this. N. and D. found that when a small 
animal was injected with pyrogenic matter, increase of its body-heat was constantly 
observed only if the surrounding atmosphere was at a temperature of at least 24° C. 
When this was less than 24 0 0. the results began to be variable ; and the lower the 
temperature was, the more surely did a lowering of body-heat follow the injection ; 
this surely occurred at a temperature of Id c -1G° C. In the case of dogs the influence 
of the external temperature is much less, and such an influence is marked only after 
the hair has been removed from the animal. If the loss of heat from small animals 
be diminished by wrapping in a thick layer of cotton-wadding, a distinct elevation of 
body-heat may be observed, with an external temperature which, without this pre¬ 
caution, would prevent the rise, or even cause a fall of body-heat. According to 
these experiments, it is certainly not right to attempt to explain the modus opemndi 
of pyrogenic substances simply by an increase of animal heat, but rather by the 
assumption that the animals experimented upon are to a certain extent placed in a 
condition of labile (changeable) equilibrium of temperature, in all important particu¬ 
lars just like that in which they are put by the operation of division of the spinal 
cord. 

It appears from these investigations that fever, especially that which is 
produced experimentally by sepsis, and presumably also the traumatic 
fever of human beings, is chiefly a vaso-motor phenomenon, produced by 
disturbance of function of certain parts of the central nervous system, viz., 
those which serve for the regulation of animal heat. It is most probable 
that there occurs a paralytic state of these parts, and that thus there is 
simultaneously produced increase of the giving off of heat and of heat-pro¬ 
duction. It is by no means necessary that the disorder of innervation of the 
cutaneous bloodvessels and that of those of internal organs should bear a cer¬ 
tain and constant equal relation to each other; increased heat-production is 
not invariably the cause of increased loss of heat, and vice versa y the two 
phenomena are to a certain extent independent. That both may be conse¬ 
quences of vaso-motor processes, cannot be denied ; as this is established, for 
example, by the well-known influence of division of the spinal cord upon the 
smaller vessels of the skin and upon cooling of the body. Whether the 
result of increase in both factors of regulation of heat is an increase of bodv- 
lieat or not, depends only upon the fact that one or the other preponderates. 

From such considerations it necessarily follows, however, that in true 

FEBRILE STATES OF THE HITMAN ORGANISM THERE MAY BE PRESENT A NOR¬ 
MAL or even sub-normal temperature. It is true that external condi¬ 
tions (atmospheric temperature, covering of the skin, etc.) do not act upon 
men to the same degree as upon small animals, in the first place because of 
their larger size ; hence there are smaller variations of body-lieat in men, 
and, under certain conditions, there is always observed a marked elevation 
of temperature toward the fatal end of disease. 


In this way some clinical facts can be easily explained. For example, the circum¬ 
stance that certain mild cases of typical infectious diseases characterized by a regular 
course of fever, may progress with no elevation of temperature, or with a very small 
rise, while at the same time the absence of the normal type of body-heat as observed 
in health is wanting, and thus an irregularity is indicated ; and, also, the occasional 
variously sudden and even interrupted rise and fall of the temperature under circum¬ 
stances in which it, as a rule, follows a regular course ; etc. 


Lastly, the question has been studied, whether the impulse to increase of 
temperature, in traumatic fever, is given by infection of the blood, or by the 
irritation which is exerted by the inflammation upon the nervous system. 


GSO 
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BnEUEuand Ciirorak ( Jahrb. d. O. d. Aerzte in Wien , XIV., p. 3), with this object 
in view, resected all the nerves of a part of the body, and, after healing of this injury, 
produced severe injuries of bones and joints. The temperature rose and ran its 
course just as in normally innervated extremities. They, therefore, concluded that 
traumatic fever is independent of the nervous connection between the inflamed parts 
aud the nervous centres. On the other hand the depression of temperature which 
severe injuries of the joints cause, seem to depend upon these nervous connections, 
since it was altogether wanting in case of preceding resection of the nerves. 


As regards the very extreme terminal elevation of temperature, much 
higher than the usual range of fever, which sets in at the close of severe 
lesions, especially of the nervous system, it seems well-established that it is 
not to any important degree produced by abnormal muscular activity. It 
makes its appearance along with clonic or tonic spasms of all kinds, and 
even without these along with symptoms of severely disturbed and de¬ 
pressed cerebral functions. These facts are in favor of the existence of 
contrivances in the central nervous apparatus, such as have been discussed 
when speaking of the effects of section of the spinal cord, in disorders of 
which the production is increased to a degree not possible when the nerv¬ 
ous activity is normal. Respecting the influence of loss of heat, it is remark¬ 
able that such enormous final excesses of temperature seem to show them¬ 
selves more at the time of the greatest heat of summer, than in any other 
season. The great rise begins sometimes suddenly after a normal course of 
fever only a few hours before death ; at other times it develops gradually in 
the course of a few days, as a continuation of a gradual increase of tempera¬ 
ture ; or, again, it ensues after totally irregular variations of body-heat. 
This symptom of approaching agony is usually accompanied by other severe 
symptoms, produced through the nervous system. 

In addition, there is not rarely observed a short post mortem elevation of 
temperature after the cessation of the heart’s action and of respiration, or 
even after actual death (vide pp. G24-5). This is not, however, necessarily 
associated with a pre-mortal rise of temperature, but may appear without 
this, though it would seem in a less characteristic and marked manner. 

Concerning the origin of thispos^ mortem increase, VALENTIN (I). Arch. f. kl. Med ., 
VI., p. 200) came to the following conclusions. The post mortem production of heat 
is a process common to all bodies, which appears in a certain gross amount ouly in 
some cases. As soon as it is noticeably larger than the simultaneous loss of heat, post 
mortem elevation of temperature makes its appearance. The same occurs when the 
production of heat is increased, and when the loss of heat is diminished. Post mor¬ 
tem rise of temperature is chietly due to the persistence of the heat-producing vital 
processes after the cessation of cardiac contractions ; increased activity of these pro¬ 
cesses, which is mainly brought about by nervous influence, causes a marked post 
mortem production of heat. The development of post mortem muscular rigidity, 
although in its occurrence a little heat is liberated (Hui’PERT, Arch. d. lleilk.. 1867, 
p. 321), exerts only a subordinate influence upon the post mortem rise of body-heat. 
The decompositions which occur after death probably act as not unimportant sources 
of heat. Loss of heat is, under similar circumstances, much less after death than 
during life ; and by this, without increased production, a post mortem rise of temper¬ 
ature is rendered possible. 

According to Heidenhain (Arch. f. d. ges. Phys ., III., p. 527), post mortem eleva¬ 
tion of temperature is a constant phenomenon in dogs. In smaller animals whose 
heat-producing mass stands in an unfavorable relation to their heat-losing surface, 
the impaired giving off of heat makes itself apparent (as Valentin had already 
pointed out) by retarding the rapidity of refrigeration. The most important cause 
of this diminished radiation of heat must be sought in the cessation of the circula¬ 
tion of the blood. The temperature rises in the interior of a dead body for the 
same reason that it rises in a living body after interruption of the circulation: 
chemical decompositions continue while loss of heat is diminished. 
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5. Increase of body-heat may arise through a combination of several of 
the conditions which with respect especially to statements in 1 and 3, occur 
in so many cases. If this possibility be borne in mind, it is conceivable 
that the same height of febrile temperature in two cases, or at two separate 
times in the same case, may have a very different causation and significance. 
With the same degree of heat, production of heat may be much, or little, 
or not at all increased, in proportion to the amount of loss of heat; and 
for this very reason the febrile waste and the amount of febrile products 
of decomposition may in the one case be small, in the other large. And 
likewise, with various production of heat and equal body-heat, the deter¬ 
mination of the amount of loss of heat may yield a very different result; 
a state of things based on facts. 
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According to Obehnier ( Berl. Min. Wochensch., 1837, IV., p. 93), a conclusion 
cannot be drawn from the height of the temperature as to the severity of the fever. 
Similar febrile temperatures in the same individual during one and the same disease, 
as well as similar temperatures in different individuals in diverse diseases may be 
susceptible of very different estimations. The severity of the fever, that is to say, 
the resistance which a febrile temperature opposes to removal of heat, the rapidity 
with which a remission caused by withdrawal of heat is counterbalanced, diminishes 
a good deal even before its normal close. It is only the amount and duration of a 
remission produced by withdrawal of heat that is a certain measure for the intensity 
of the fever. Ziemssen and Immermann ( KaltwasserhM . d. Typhus, p. 92) coin¬ 
cide with opinion, and Senator ( Fieberhaft . Process., p. 159) expresses himself in 
the same manner. 

Riegel and Rosenberger (Berl. kl. Wochen. , 1872, No. 29 etseq.) advance other 
views upon a similar question. Rosenberger observed in the course of experi¬ 
ments upon the effects of local .abstraction of heat in the same patient in febrile 
and the non-febrile states, as well as in various degrees of intensity of the fever, 
constantly similar differences; in opposition to Liebermeister, who found that the 
loss of heat in baths of almost the same temperature was greater in fever-patients 
than in healthy individuals. Recently. Riegel (I). Arch. f. kl. Med., 1873, XII., 
p. 109g has discovered, relatively to the action of alcohol, that the lowering of 
temperature produced by this agent, at various elevations of the final temperature, 
is nearly the same as in the non-febrile state, and in low final temperatures it appears 
to be somewhat greater than in rising body-heat. So that it would seem as if there 
were a very variable effect! 

Elevation of temperature of the larger part of the body simul¬ 
taneously WITH LOWERING OF THE TEMPERATURE OF INDIVIDUAL PARTS 
may be caused by: 

1. Irregular distribution of production of heat throughout the body. 

2. Irregular cooling of the affected peripheral parts, in contrast with 
increase of heat in some internal parts. 

3. Especially by difference in the fullness of bloodvessels. 

Physiological contrivances make it possible that with normal production 

and loss of heat, the temperature of internal and peripheral parts shall 
vary only within certain limits, and that irregularities caused by accidental 
external conditions (the circulation being normal) shall be quickly cor¬ 
rected. Local refrigeration must, therefore, with relatively great losses of 
heat or with relatively small supply of heat, most easily take place in the 
extreme peripheral parts of the body, where deviations from the normal 
limits most easily arise. In a pure chill the heart labors sufficiently, and 
yet the external parts grow cold because of the hindrance offered to the 
entrance of warm blood by the contracted bloodvessels; in collapse the 
activity of the heart is insufficient, and peripheral parts must grow colder 
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whether heat-production be increased or not diminished, or whether the 
peripheral bloodvessels be enlarged or contracted. 

Lowering of the temperature of the whole body may be caused: 

1. Through diminution of the production of heat, with normal, or in¬ 
creased, or not much diminished loss of heat. 

2. Through increase of loss of heat, with lessened, or normal, or not 
much increased production. 

3. By a combination of the above conditions. 

It is usually not possible to assign, in a given case, the share of action 
to diminished production and increased loss of heat with anything like 
precision. A depression below the normal body-heat may make its appear¬ 
ance after the body has been normally warm, or after its temperature has 
been increased; and in the latter case, under certain circumstances, a fall to 
normal or super-normal values (as in collapse) may have the same meaning 
and consequences as the previous fall to sub-normal temperatures. 

The certain demonstration of a reduction of lieat-production below the normal 
amount is at the present time as impracticable as it is. according to what has been 
said above, to decide in a given case whether there is increase of production. Most 
probably it (diminution of heat-production) is, together with increased loss, the 
cause of febrile remissions and of defervescence, especially in rapidly progressing 
acute diseases. In many cases, in which it may have appeared right to assume 
reduced production, the diminished temperature may (according to the experiments 
of Naunyn, referred to at p. G?8) in part be owing to an increase in the loss of 
heat. Doubtless, heat-production must be made less by starvation; but in patients 
this inlluence of insufficient supply of food is certainly very often neutralized by 
opposing conditions, especially in fever. The circumstances connected with this 
subject are particularly complicated. 

It is not only by the direct action of a sufficient degree of cold (Horvath, Med. 
Cenlrlbl.. 1871, p. 531, was able to reduce the temperature of young dogs so that 
the thermometer placed in the rectum showed G.G' 1 C., 5.8’ C., and even 4.8° C., and 
yet was successful in reviving them by means of heat,—a result hitherto not attained) 
in its various forms, such as baths, cold applications, ice-bags, cold air, that the heat 
of the body may be reduced, but also by the introduction of certain substances 
into the organism; and these are used more or less frequently in modern practical 
medicine, since the importance of antipyretic treatment has been appreciated. Among 
the substances referred to are especially quinia, digitalis, veratria, alcohol (Binz). 
The mode of their not yet full}- appreciated action is doubtless a complicated one; 
they act partly as cardiac poisons, and influence on the one hand heat-production, 
on the other hand loss of heat. 

Most obvious are the depressions of temperature, that is to say, conditions which 
justify the conclusion that there is diminution of the production of heat, after the 
introduction of substances which influence and actually reduce tissue-metamorpho¬ 
sis, especially that taking place in muscles. Tims curare operates according to 
some authorities (Rohrig and Zuntz, Riegel), while others (Voisin and Liou- 
ville, Fleischer) attribute to it the property of increasing temperature; nicotin 
(Rosenthal) and chloroform (Sciieinesson) act in the same way. On the other 
hand, under pathological conditions increase of loss of heat has been shown to be a 
cause of important modifications of the body-heat, even causing death. Thus, for 
example, in extensive burns, in which Billroth (Arch. f. klia. Chir ., VI., p. 413), 
observed a temperature of only 33“ C., in a man thirty-seven years of age. Accord¬ 
ing to Falk ( Virch. Arch., LIII., p. 27), this refrigeration is the result of the 
extraordinary enlargement of the peripheral bloodvessels affected by the heat, 
whence increased size of the blood-stream with a local retardation of the circula¬ 
tion almost up to the point of stagnation, partly because cooled blood runs much 
more slowly through the tissues: in which condition loss of heat is specially in¬ 
creased, the more so if the epidermis is removed. The enlargement of bloodvessels 
takes place independently of nervous influence, as well of vaso-motor nerves as of 
the ganglionic apparatus in the walls of bloodvessels; it occurs rather in conse¬ 
quence of a diminution or abolition of the elasticity of the vessels and of the adja- 
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cent connective tissue, and in the larger bloodvessels also by heat-rigidity. Death 
results partly in consequence of great cooling of the blood, which lowers the excita¬ 
bility of the heart and that of the central nervous system, partly in consequence of 
the greater paralysis of the heart produced by increase of the vascular area. Tn 
a similar way, and not at all by the retention of certain substances in the body in 
consequence of arrested function of the skin, shorn and varnished animals die with 
enormous reduction of their body-heat. (Laschkewitscu, Arch. f. Anat.. etc.. 
18(58, p. 61.) 

Among means of depressing temperature also belongs the fast-binding of animals, 
a measure employed in experiments, and hence practically important (Horvath, 
Billroth'). This acts partly by producing almost perfect muscular quietude, paitly 
by exercising the same influence as simple exposure of parts of the body which are 
usually protected (especially the abdomen); thus increasing the loss of heat. The 
less constant body-heat of animals acts as an obstacle to quickly obtaining conclusive 
results in these experiments. Furthermore, according to Manasskin (Arch. f. Physt ., 
IV., p. 283), the reduction of temperature (0.81° C. ) produced by swinging a rabbit 
in a certain way, for a period of fifteen minutes, does not depend upon increased 
loss of heat, especially because the minimum temperature is not attained until 
thirty minutes after cessation of swinging. Swinging produces a diminution of 
temperature also in feverish animals, though, like all other means, producing less 
effect when the body-heat is increasing than at the time of a fall of temperature. 

Diminutions of temperature in morbid conditions, apart from unimpor¬ 
tant and transitory elevations and depressions (p. GOG), may best be consid¬ 
ered under the heads of such as occur in the chill, in febrile heat, and in 
collapse. Doubtless these three states are variously composite groups of 
functional disturbances and of chemical and histological alterations as well, 
among which anomalies of temperature are most apparent, and appear to 
play the most important part. Many of the phenomena depend directly 
upon the condition of animal heat, and in many cases the most important 
alterations are those which may be directly referred to this. On the other 
hand, some of these alterations may be more or less independent; they 
depend directly upon the causes of the disease, and exert an influence upon 
the temperature, as for example, many of the previously-described anomalies 
of circulation, respiration, and of the nervous system. Still the influence of 
modifications of temperature upon the conditions in question is in most 
cases a much more decisive one than that of any other process. Thus a 
disorderly arrangement of facts is made impossible, and we are struck with 
the great conformity to law existing in the relations between constitutional 
anomalies and variation of temperature; and this conformity to law 
appears the more distinct the more carefully and precisely we observe 
disease. N 

Thus the chill presents itself as a complicated introduction to certain forms of 
disease : in some it almost invariably appears, in others it shows itself only with a cer¬ 
tain intensity of the affection, and in predisposed individuals. When the last factor 
is strongly developed chills may make their appearance at times when, and in diseases 
in which they are usually absent. Chilliness shows itself most surely when the tem¬ 
perature of the trunk rapidly rises, so that there is produced in a short time a marked 
contrast with the temperature of the extremities ; a contrast whose immediate re¬ 
moval is prevented by the above-described simultaneous, or almost simultaneous dis¬ 
orders of circulation. But the chill is not inseparably united to these conditions, and 
does not always come on when they are present. 

In spite of marked contrast of temperature it may remain absent in individuals of 
slight personal susceptibility, and on the other hand, may arise in susceptible persons 
without any such .contrast; just as healthy persons, or those who believe themselves 
well, begin to shiver when exposed to various degrees of cold. Its (the chill) impor¬ 
tance for the regulation of heat consists in that during its continuance (especially 
during the prevalence of the pyrogenetic stage, in which the characteristic phenomena 
of chill disappear), as well as just before the hot-stage proper, the loss of heat is limit¬ 
ed, and that just at a time when the febrile changes in metamorphosis and the heat- 
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producing processes are in operation, and when abnormal sources of heat, as the 
muscles (shivering, chattering of the teeth), are producing copiously. Even with a 
less complete development, though with as long a duration, this stage may be tho 
cause of marked accumulation of heat, though, to be sure, this is by no means suffi¬ 
cient to explain the hot stage as a whole. 

In the HEAT OF FEVER there undoubtedly exists a certain relative equilibrium, though 
not an equilibrium at the level of normal conditions, but one which is determined by 
the newly-introduced pathological processes; hence sometimes large variations, 
though always with a return to a greater or lesser elevation of temperature, at other 
times a most remarkable constancy of body-heat (within a few tenths of a degree), in 
the so-called regular, continued or remittent course of fever, in paroxysms of inter¬ 
mittent fever, etc. If such a relative equilibrium is gradually established, and if it 
remains tolerably constant in spite of increase of the body-heat, it is conceivable, in 
accordance with what has been said above, that phenomena of chill should be want¬ 
ing. During febrile heat there is a disproportion between abnormally increased 
formation and the not proportionately increased loss of heat. At the same time, the 
giving off of heat at the height of the fever may be always greater than normal 
(Leyden), and occasionally even greater than the febrile heat-production (Senator); 
but there may also temporarily occur a restriction of the loss of heat. Since the 
same condition of heat-production is simultaneously possible, the disproportion be¬ 
tween the two is not at all times strongly marked. 

During defervescence, especially when it is accompanied, as usual, by profuse 
sweating, the loss of heat is much increased; and by this means the superfluous heat 
which has accumulated during the height of the fever is removed, and providing that 
the equalization is a complete one, the equilibrium of the normal state is restored. In 
this stage the other symptoms produced by the febrile rise of temperature also sub¬ 
side. 

Collapse takes place in feeble states of the circulation, and its appearance is cer¬ 
tainly very much favored by the occurrence of large losses of heat, whether heat- 
production be normal, or increased, or diminished. When there is debility of the 
heart, the heat produced in the interior of the body cannot be carried out to peripheral 
parts in a normal manner, and it is in those parts where the loss exceeds the supply. 
Iu case of simple large losses of heat, together with transitory feebleness of the heart, 
the prognosis is favorable, but, on the contrary, it is unfavorable when the circula¬ 
tory power is irreparably weak. 

Collapse appears as a relatively primary phenomenon, during the operation of 
severe poisons, as well as in consequence of strong impressions upon the nervous 
system ; furthermore, during the intense chills of congestive (pernicious) fever, and 
to a certain extent after a fit of drunkenness. It makes its appearance second¬ 
arily during febrile heat under the operation of certain influences, during abundant 
losses of heat, copious sweats coincident with weakness of the heart, in predisposed 
individuals; also in the agony; and lastly, during the transition to recovery, espe¬ 
cially simultaneously with excessive perspiration. 


C. HISTORICAL SKETCH OF RECENT THEORIES OF FEVER. 

Consult the critical account by Wunderlich, Arch. f. Phys. HeSTk, I. et II.—Tn. 
Hirscii, Die Entwickelung der Fieberlchre , etc., 1870.—E. Seguin, Medical Ther¬ 
mometry, etc., N. Y., 1870. 

Among all the various chapters of pathology there is none which reflects so clearly 
in all ages, the leading ideas of the dominant systems of medicine, as the then existing 
conceptions of the nature and causes of fever. Wunderlich says, “ The doctrine of 
fever has always been the mirror of pathological systems, but it has also always been 
the pathognomonic symptom of their imperfection. The ancient doctrine of fever is 
little fitted to afford an explanation of the nature of fever, but serves rather to teach 
us the infirmities under which the pathology of that day was laboring.” 

Concerning the general conception of fever and its nature, or as would formerly have 
been said, its final causes, we find very confused ideas enunciated in various times, 
from which in the following paragraphs short selections are made. 

Hippocrates, free from all speculation, attached the greatest importance to the 
heat observed in fever, and named it accordingly ; he designated it as an increase of 
the calidum innatum , the originally present heat, the principle of life. This concep¬ 
tion, although modified and distorted by his successors, remained dominant for 
nearly 2,000 years,—until toward the close of the seventeenth century. 
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During the middle ages the minds were principally occupied with the humoral- 
setiological side of the question ; there were added ideas concerning changes of, and 
the presence of foreign materials in the liquids of the organism. Thus, according to 
Fernf.l (1531), fever is a preternatural heat, thrown from the heart throughout the 
whole body. Its cause is threefold : simple increase of heat, as according to Hippo¬ 
crates; then heat from putrefaction, and heat from toxic infection. For Para¬ 
celsus (1(548) the materia pecans in fever is “sulphur and saltpetre, hence the 
disease is also called morbus nitri sulfure incensi .” In this astiology, which was 
sought more or less exclusively in chemical and chemico-humoral processes, the fever 
itself was forgotten. 

Staiil, according to whom all vital processes were controlled by a single principle, 
the Soul, conceived fever to be “ an almost conscious motor, secretory, and excretory 
act for the removal of noxious matters,” by which the general circulation was made 
stronger and the heat was increased ; SYDENHAM adding the aphorism, “ fever is an 
instrument of Nature, by means of which she separates the impure parts from the pure.” 
It was no longer important to answer the question, What is fever ? but that other. 
What is its purpose'? This doctrine prevailed during the whole of the eighteenth 
century, and we meet with it even now among the laity ; “it passes for a sign of 
deep medical philosophy ” (Wunderlich). Later an expression was found which 
seems not less insidious than the abstract picture of a keen medical intelligence ; 
fever was called a reaction of the organism against noxious matters; it was looked 
upon as an universal reaction, just as inflammation was a local reaction. 

The first results of the application of the new doctrines of physics to the organism 
were the propositions which the Iatro-mechanists of the seventeenth and eighteenth 
centuries had advanced, and accordingly their school represents the beginning of 
positive medicine. They abandoned the exclusive regard in which the heat of fever 
was held, raised the pulse out of the symptom-group, and gradually introduced the 
movement of the blood into the notion of fever. This was especially brought about 
by Boeriiaave and his school. The nature of fever was made to coincide with the 
immediate cause of the frequency of the pulse, was sought for in an irritation of the 
heart, or of the vascular system, or of the vascular nerves, or, lastly, by a complete 
confusion of all physiological notions, in an irritation of the blood ; in diagnosis the 
existence of fever was connected with the single phenomenon of frequency of the 
pulse, and upon this the plan of treatment was made dependant. “ Signum pathog- 
nomicum omnis febris est pulsus aucta velocitas ” (van Swieten, 1745). It cannot be 
doubted that this localization of fever in the vascular system or in a part of it afforded 
no explanation of its true nature. Fr. Hoffmann (17518), for whom fever was a gen¬ 
eral disease, jacked out the condition of the heart and bloodvessels, and applied it as 
principle of classification to the whole of pathology. He at first distinguished between 
the “seat” of the fever, i.e. of the febrile symptoms, and “starting-point” of the 
febrile disease ; the former he placed in the heart, and besides in the central nervous 
system, especially the spinal cord; the latter he found in various organs, most fre¬ 
quently in the stomach and intestinal canal. Thus it would seem that he, among the 
older writers, had best approximated to the modern explanation. 

Later still, the displacement of the theories of the fluids and blood by the nervous 
pathology became still more complete ; certain phenomena were more generally desig¬ 
nated as functional disorders of the nervous system. Nevertheless, assignment of 
the part played by the nervous system, its centres, the liquids, the heart, and the 
bloodvessels, was arbitrarily and obscurely made, and differently set forth by the 
various authors. Among them the most remarkable is Cullen, who first endeavored 
to construct a physiological notion of what occurs in fever; and in so doing he cer¬ 
tainly looked upon chill and heat as cause and effect, and thought that, in fever, a 
spasm of the most external bloodvessels, resulting from diminished energy of the 
nervous centres, irritated the heart and arteries, and that this spasm continued until 
the cramped bloodvessels became relaxed and the spasm ceased. In this the expres¬ 
sion “ spasm ” does not mean anything more than a mechanical condition. 

Haller’s discovery of the irritability of muscular fibres led in the most remark¬ 
able way to the recognition of irritability as a mode of life, and to the interpretation 
of disease and of fever as changes in this property. The Brownian system 
which for a very long time reigned in undisputed sovereignty throughout Germany 
originated in this. Brown saw in all morbid states only a departure from the 
average irritability brought about by too great or too slight irritation,—sthenia or 
asthenia; sthenic diseases with accelerated pulse constituted the pyrexias, asthenic 
diseases with the same pulse were the fevers; and, consequently, these affections 
were treated by means of irritants. Brownism was only supplanted toward the end 
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of the eighteenth century by the numerous systems sprung from natural philosophy, 
which on the one hand added to sensibility and irritability (with a perversion of the 
original signification) reproduction as a third factor, and in a somewhat arbitrary 
manner referred all diseases to one of the three systems; and which, on the other 
hand, taught that an explanation of all diseases, and of fever in particular, was to be 
found in a mistaken application of the doctrine of polarity. In this way there ensued 
such an in< redible confusion, that it would be useless to make a closer examination, 
because from all these speculations there was no advance gained for science in general, 
and for the doctrine of fever in particular : one definition may be worth while giving 
as an example. Marcus, who had previously adhered most strictly to Brownism, 
says, in 1807, “ Fever is always an affection of the electrical element in arteriality, by 
which this is made to contract.” All fevers were diseases of irritability, and inflam¬ 
matory states ; they were distinguished only by the fact that inflammations proceed 
from organs, fevers from the system generally; he admitted a lymphatic, arterial, 
venous, and nervous fever. 

As the result of so many, nearly always perfectly useless inquiries into the symptom 
and nature of fever, many became persuaded that the question under discussion was not 
capable of being solved. Lieutaud begins by saying : “ What fever essentially is, 
is as yet enshrouded in the deepest darkness for human eyes.” Peter Frank does 
not trouble himself to give a definition of fever in general, but says: “ Febrium origo 
et ratio proxima profundius quam ut oculo mortali distingui valent delitescit.” “ Fe- 
bris certorum potius morborum umbra quam ipse morbus est.” 

In the meanwhile an improved state of knowledge had begun to show itself in 
France under Pinel, and later under Broussais. Pixel passes rapidly over the 
general definition of fever, as it had been previously arbitrarily deduced from the 
general ideas of a system, and says : “We must take care not to set up fever as a 
reality, or to study and define it as something independent. Fever is a purely ab¬ 
stract notion.” It had been the custom to distinguish between fevers and febrile 
diseases. By the former were meant acute affections, in which, at the beginning at 
least, fever was the chief phenomenon (essential or simple fever), in which one part 
of the body was not mainly involved ; the latter included local diseases with febrile 
symptoms, which appeared subordinate, secondary, and complicating, and which 
were thought to accompany the local affection. Pixel was the first to endeavor to 
analyze the single symptoms in the forms of diseases considered as units by tradi¬ 
tion, in order to learn what were the elementary phenomena, and he was thus enabled 
to give to the genera of fever sharper and simpler characters than was possible before 
him, and to which he felt himself obliged to return in his observations—a half step 
only, because the physiology of the day did not permit a deeper insight. In another 
way, however, he made a remarkable progress, following the general anatomy now 
for the first time formulated by Bichat, by classifying fevers according to the appa¬ 
rently most affected organic system, and by establishing the similarity of phenomena 
in case of affection of parts having a similar texture. His histological division 
of fevers (/’. angiotenica —with tension of bloodvessels, /. meningo-gastrica , f. adeno- 
meningea —mucous fever,/, adynamica, f. atactica —with nervous symptoms,/, adeno- 
nervosa —with glandular affections) was undoubtedly incomplete and capricious, but 
it served to point out the way in which histology might be made useful to practical 
medicine in the future. 

Pixel’s doctrine of fever gave the impulse to the rapid development of French 
pathology under Broussais and his so-called physiological school, which, however, 
soon recognized the weak points in the doctrine, and combated it with success. B. 
borrowed from the Brownian school the notion of irritation, but soon identified this 
with active congestion and even with inflammation itself, thus confusing these three 
conceptions. According to him, fever is an irritation of the heart, produced by irri¬ 
tation of other organs, most frequently the intestinal canal. It did not escape him 
that in acute febrile diseases neither the organism as a whole nor a single organ is 
affected, but that usually several organs perform their functions badly, an observa¬ 
tion whiqh, before him, had led to the creation of arbitrary forms of disease which he 
strongly combated. He recognized that these were composed of a group of elemen¬ 
tary disorders. As a bond of union which should combine the phenomena in the 
various organs and govern their sequence, he advanced his notion of sympathies, by 
which the various parts of the body are united, and through whose excitement by the 
primary irritation the secondary effects (irritations) are produced. The heart, in¬ 
testinal canal, and the brain were distinguished by the strongest sympathetic union; 
any febrile irritation of one of these parts called forth a sympathetic irritation of 
these organs. And yet, the irritation by its transfer to another organ did not change 
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its nature; consequently the sympathetic irritations of the above-named organs always 
had a shade of inflammation. Lastly, intimately united with these views was his 
doctrine of the non-essential nature of fever, with respect to which he tried to prove 
that the starting-point of variously complex symptom-groups of the formerly so-called 
essential fever, was to be sought for in a local affection, particularly of the intestinal 
canal,—a gastro-enteritis. These doctrines were seized upon with avidity, but were 
also energetically disputed, to the great advancement of science, which was thereby 
led away from the capi’ice of the usual grouping of symptoms to the study of posi¬ 
tive objects,—the exact observation of anatomical changes in the various organs. At 
this time exact observation began to take the place of phrases. Especially with 
regard to fever, the fact was made known that material changes were present every¬ 
where. A persevering use of Pixel’s method of analysis led to the result that each 
individual local or febrile symptom was comprehended in its isolated significance, 
that in special cases it was attempted to discover the relation which the morbid 
states bore to one another and to (he morbid cause, and. lastly, that by the help of 
physiology and of semeiological aids progress was made in the diagnostic recognition 
and naming of these conditions. Thus observation was henceforth diverted from 
the half capricious specific morbid ontology of former times to individual diseases. 

The study of pathological anatomy placed medicine in the rank of the exact 
sciences. From that time on further demands were made on observation and theory; 
it became henceforth necessary that the phenomena during life and in the corpse 
should be noted with minuteness and exactitude, and that new knowledge should be 
accumulated in place of the older and almost useless records. The bases of Pixel's 
genera of fevers crumbled more and more under the sympathies and the gastro¬ 
enteritis of Bkoussais, and in its stead was placed by Bouillaud the angio-carditis, 
which was supported by the anatomical researches of Bretoxxeau, Louis, Axdral, 
Ciiuveilhiek, Boisseau, Bouillaud, and which was to be treated by venesection 
coup sur coup; while the physiology of fever was for a time wholly ignored. We 
consequently now meet with some more highly unrefreshing definitions. For Roche 
fever is only a word, by which increased frequency of the pulse and heat are desig¬ 
nated; Gexdrix calls fever a disorderly disturbance of various functions; Louis 
designates fever as a conventional term for chill, febrile heat, perspiration, and 
changes of the pulse; Piorry states that it generally cannot be at all explained ; and 
Axdral does not enter into any discussion of its nature. Nevertheless, the opinion 
gradually became current in the third decade, that in fever the blood was altered, 
more especially in typhoid fever. This was after Gaspard had already in 1822 
attempted to demonstrate the effect of the state of the blood upon symptoms of 
disease. Axdral and Gavarret first, placing themselves upon a general stand¬ 
point, showed in 1840 that there was not present in fever a specific condition of the 
blood, and also that the assumption that such a state modified the symptoms of fever 
was inadmissible; the more so as febrile symptoms appeared fully developed in 
intermittent fever without any alteration of the blood. They suggested at the same 
time that the explanation of fever was to be sought for in something else. After¬ 
ward (1 risolle, even in 1848, thought the origin of fever was sometimes in a local 
inflammation or functional disorder of an organ, sometimes in changes in the blood, 
and explained, just like the writers of the previous fifty years, that we did not know 
and could never expect to learn how it originated. 

During this great advance of science in France, the German pathologists during 
the first part of the nineteenth century were still worrying themselves with specula¬ 
tions upon fever considered as an abstract generality, and we meet with such even 
later. Under the domination of natural philosophy the notion had developed that 
diseases, which in imitation of the descriptive natural sciences had been grouped in 
artificial or seemingly natural classes, genera, and species, were not to be looked 
upon as abstract ontologies, but as actually existing essentialities which attacked the 
organism like something hostile. Thus it was that to the natural school of the third 
decade (Stark, Jahn, less so SCHiiNLEiN) fever appeared the chief means of reaction 
of the organism against disease, of which reaction the organism made use to throw 
out critical evacuations, and by means of these to get rid of the disease itself, and in 
this connection the three stages of invasion, reaction, and crisis were distinguished. 
German physiologists were the first to lead minds back to the study of phenomena 
and to a reasonable comprehension of them, after they had been for a long time set 
aside, as was thought justifiable in fever; “the prototype of disease, in which the 
development of an ideally parasitic organism takes place most clearly, most legiti¬ 
mately, and most uniformly ” (Carus), strictly from the laws of healthy life. Reform 
first started in the study of intermittent fever ; the opinion gradually gaining ground 
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that the nervous system is to a large extent concerned in the development of this dis¬ 
ease. Strangely enough, ScuiiNLEIN and Saciis, adopting AUTENRIETH’s idea that 
the course of many diseases, especially intermittent and typhoid fevers, was to be 
sought for in the ganglionic nervous system, to which since the time of BICHAT an im¬ 
portant and independent role had been assigned, suggested that the former disease 
should be stricken from the list of fevers ; and it was discussed whether it was a fever 
or a neurosis. Chiefly through Kremers, who had observed the frequency of spinal 
pain in intermittent fevers, the opinion gained ground that the seat of this, .and conse¬ 
quently the seat of even the non-typical febrile phenomena, was to be placed in the 
central organs, or, rather, in the spinal cord. The same opinion had previously and 
simultaneously been expressed in France (Geoiiget, Rayer, Ollivier, Maillot), 
though not much attention had been paid to it. 

The physiological treatise of J. Muller contributed in an important manner to 
rendering ideas clearer, and to the revolution in opinions by the following laws. 
* ‘ The modifications of sensation, motion, and of organic functions, excretion and 
production of heat, which are characteristic of fever, are only comprehensible by the 
participation of such an organ as the spinal cord. Since fever is produced by nothing 
so easily as by changes in the activity of capillary vessels in any part, it is very 
reasonable to suppose that in fever certain impressions, starting from a severe affec¬ 
tion of the organic nerves of any part, are transmitted to the spinal cord, and thence 
reflected through all the nerves.” “ This umbra morbi , which manifests itself in so 
many parts of the body, and which as a rule, perhaps always, has a local origin, is 
not simply connected with changes of the heart-beats; it exhibits itself in a com¬ 
plexity of symptoms which are united bound together only by means of the spinal 
cord.” After the enunciation of these laws, destined to reform the whole doctrine 
of fever, it only remained to carry out in detail, by future investigations, what 
Mull'er had shortly and in a general way expressed. 

From among the numerous subsequent neuro-pabhological theories of fever, it may 
be admissible to reproduce one (that of Wunderlich, Arch. f. pliys. Ileilk ., 1843, 
II., p. 0), with some details concerning its leading notions. All the phenomena which 
he considers as belonging to the febrile condition (such as general malaise and muscular 
weakness, altered sensibility and motility, disordered activity of the brain and organs 
of special sense, changes in the circulation, respiration, and digestion, as well as in 
the secretions and in nutrition, the altered objective conditions of temperature, as 
well as the subjective sensations of chill and heat) stand in causal relation to one 
another; they constitute an essential physiological unit, which, notwithstanding 
that its substance corresponds only partially with the usual changing and various 
views of practice and of nosologies, is still supported by facts. This being so, 
‘ ‘ fever ” is consequently a grouping (complex) of associated symptoms, which are pro¬ 
duced by a common cause, viz., an altered activity of the nervous centres, of the 
spinal cord chiefly; probably owing to a material change at that time wholly 
unknown. In the spinal cord there arises, sometimes directly and primarily (as yet 
remains to be proven by direct observation), sometimes in a reflected manner from 
other nervous parts, central or peripheral, sometimes, lastly, by the action of altered 
composition of the blood, a kind of “irritable weakness,” that is to say, a state of 
heightened impressibility in which slight impressions are easily perceived and 
reflected, as well as always felt in an exaggerated manner, and in which movements 
following the action of a cause are easily interfered with by associated movements, 
and they are in great part removed from under the influence of the will. 1 f this con¬ 
dition is aggravated by continued irritation, there at last occurs a spontaneous 
explosion of morbid sensations and movements—which, subjectively, does not recog¬ 
nize an external exciting cause, and in which, on the contrary, the centres seem to 
be wholly insensible to external impressions—the period of chill. After this there 
ensues a state of fatigue, dulness, and even torpor, which when it is moderate again 
causes increased susceptibility, but which when more severe shows itself as a true, 
or paralytic weakness. The hot stage, which in the great majority of cases ensues, is 
characterized by the cessation of that condition of the spinal cord which was at its 
height during the chill, and must be attributed to the development of local affections 
which keep up the morbid state of the spinal cord. If the remaining organs remain 
free from disease, the affection terminates in a short time, but it may be increased by 
the development of marked localizations ; and a prolonged continued fever is never 
mot with, unless such foci of disease are present. The special emphasis which is laid 
upon the hypothetical affection of the spinal cord in the fundamental notions of the 
theory, is employed bj r W. only for the exposition of the analogues of fever, which, 
notwithstanding their analogy to fever, are excluded from it in practice; as such may 
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be named: intermittent pain, so-called spinal irritation, tetanic attacks after injuries, 
morbid reflex movements under certain circumstances, neuralgia and spasm, nervous 
palpitation of the heart, and nervous delirium. The central affection may be gener¬ 
alized, or may be limited to one part, and, consequently, the phenomena dependent 
upon it may be general, or may appear in some parts of the body only; in which latter 
case the motor or the sensory apparatus, or even a single nerve-trunk, might be af¬ 
fected, and the further results (disorders of heat, secretion, of circulation) be modified 
or not appear at all. In practice we preferably call fever the general uniform affec¬ 
tion, while we separate from it that which is really or apparently partial, and the 
sooner, the more it differs from the general affection. 

What Wunderlich says of the varieties of fever, or about fevers with especial 
reference to the previously flourishing nosological systems, is particularly worthy of 
notice. “ All attempts to arrange the interminable modifications of febrile diseases 
into exact classes have been wrecked, either because the classes were set up without 
any theoretical knowledge, or because a principle of classification was rigidly adhered 
to. Thus species have been retained, some of which are unnatural and forced, and 
others which allow of as endless modifications as the fever itself. A great error was 
committed in thinking that a single principle of classification would be sufficient. 
Febrile diseases present such numerous relations and aspects ; of which one may be as 
important as the other, and none can be neglected at the expense of the others. Since, 
if with sufficient knowledge we place ourselves at all the various stand-points and 
study fever now from this and then from another side, we survey and comprehend the 
subject, and are elevated above the rigid species to which bigoted systematic writers 
cling. Rightly understood there is but one fever, though its connections are various. 
Important subdivisions can only be founded upon the degree of fever, its duration, 
the completeness of the symptom-group, the mode of recurrence (type), and, lastly, 
upon the part of the central organ which is affected. Besides this classification, 
which relates alone to the symptoms of fever, there are others not devoid of practical 
value ; for example, that according to the general picture which the symptom-group 
offers (Schonlein’s synochal, erethetic, and torpid fevers! or that according to 
causes, according to localizations and their peculiarities, according to the state of the 
blood, according to the degree of danger, according to symptoms, and especially 
according to the state of the nervous centres. But it must not be forgotten that any 
classification proceeding only upon one principle refers only to one aspect of febrile 
diseases, and that if one makes such a classification the standard and allows it to dom¬ 
inate his judgment and his thoughts, it is raised to the standard of a SYSTEM, and 
judgment and reflection upon concrete cases must be one-sided and false.” 

It is unnecessary to detail other important theories founded upon the same princi¬ 
ple ; what follows must suffice. According to Lotze (1843) the term '‘fever” is 
intended to designate the symptom-groups which occur under circumstances which 
make them appear as the reaction of a general irritation of the nervous system, and 
the phenomena of which show themselves especially in the vascular system and in 
the vegetative functions. Hence fever consists in an irritation of the nervous system 
which does not involve the central organ directly, but through the medium of the 
sympathetic. For Spiess (1844) this (the sympathetic nervous system) is the sole 
and direct excitor of fever, and is itself irritated by abnormal substances in the blood ; 
it produces fever by its own independent power, and all cerebro-spinal manifestations 
are secondary. Henle (1840) reached the conclusion, that the pathological altera¬ 
tions, in consequence of which febrile symptoms arise, are to be looked for usually 
in the spinal cord, and, when the special senses and psychical activity are much dis¬ 
turbed, in the brain as well. Fever, as such, is not a general disease, nor a disease 
of the blood, but an affection of the nervous centres. According to Stilling, this 
morbid state is produced by a foreign substance which is absorbed by the blood, and 
by the circulation of the infected blood, accumulations of blood are produced in the 
vessels of the spinal cord. In 1848 Etsenmann explained fever by saying that it 
consists in an irritation and subsequent feebleness of the vaso-inotor centre, caused 
either by altered blood or by a peripheral irritation. In the same year Heine stated 
that the irritation of the spinal cord in fever was always the result of a change 
in the whole blood. Stanntus derives all the symptoms from an affection of the 
spinal marrow, but places the true origin of the fever in the blood or peripheral 
nerves. Yet ever so many of the most important of the neuro-pathological views of 
the fourth decade went to wreck on the fact, that the hypothetical lesion in the cen¬ 
tral nervous organ was not demonstrable. 

The simultaneous labors in the field of organic chemistry (Liethg) must have 
exerted some influence upon the views of fever. Lieimg’s own theory (1843) is as fol- 
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lows. If in consequence of a morbid change of parts of the living body an amount of 
force is produced greater than is necessary for normal movements, there necessarily 
ensues an augmentation of a few or of all organic movements, and in consequence we 
have increased temperature, that is to say fever. The superfluous force which can 
only be consumed in motion is transformed into voluntary movements, and so pro¬ 
duces the febrile paroxysm. Gr. HrRScrt remarked in 1843 : The fundamental symp¬ 
tom of fever is heat, proluced by increased rapidity of the process of combustion in 
the capillaries, .and is thus a purely chemical process. The chill is a nervous symp¬ 
tom and represents the reaction of the nervous system to a sudden impression, and is, 
furthermore, only something accidental. There is no reason to look for the immedi¬ 
ate cause of fever in the nervous system. The importance of increased metamorpho¬ 
sis was likewise insisted upon by Pu. von WALTHEK, Naumann, and others. 

The older neuro-pathological theories of fever were finally overthrown by the 
renewed application of tiiermo.metrical measurements, by means of which the 
fact that the body-iieat is constantly raised in fever was placed upon a secure 
foundation, not to be shaken by any of the changes of theoretical views. 

It was natural that the attention of investigators should be next directed 
to the investigation of the causes, the nature, and the mode of origin of the 
febrile rise of temperature. ZlMMERMANN constantly looked for these in local¬ 
ized inflammatory processes, an opinion which has been rejected as erroneous from 
all quarters. It seemed most probable to Traube (1851, C/inrite-Auiial ., II., 
p. 10!)), that the increase of animal heat, which is certainly in greater part the 
result of a process of combustion excited and kept up by the oxygen inhaled, 
is brought about by a weakness or paralysis of the regulatory centre for the heart, 
which lies in the medulla oblongata ; at any rate, he explained the reduction of tem¬ 
perature after the use of digitalis to an excitation of this centre, and the consequent 
slacking of the speed of the blood, with which the supply of oxygen must be dimin¬ 
ished. We meet with a similar conception by Virchow (1854, Handb. d. Path., I , p. 
20). Inasmuch as V. considers the blood as the vehicle of the febrile temperature, 
he finds the sources of this heat to be exclusively in an increase of the process of 
combustion, in which it is not at all necessary that with the entrance of larger 
volumes of oxygen the last products of oxidation of oxidizable substances should 
leave the body. The final cause of fever is, however, not to be looked for in the 
products of decomposition which accumulate in the blood, or else fever must arise 
after every meal by reason of increased combustion. For febrile heat is not a mere 
increase of temperature, but- a rise of temperature having a special cause ; and this 
cause, according to all our knowledge, can be nowhere but in the nervous system. 
With respect to the connection between the nervous system and production of heat, 
it is to be remembered that febrile heat must be looked upon as the result of increased 
innervation of the nerves which serve for heat-production, as well as the consequence 
of diminished excitation of nervous moderators; the latter is all the more 
probable, because the whole febrile process so well exhibits the characters of weak¬ 
ness or of paralysis. Besides, it appeared unreasonable, bearing in mind the 
increased consumption of tissue in all parts of the body, and the evidently only 
secondary acceleration of the circulation, to localize the presumable state of weak¬ 
ness of the regulatory nervous system in a small part, about the seat of origin of the 
vagus nerve ; the assumption of a large number of morbid foci in the nervous system 
seemed most probable. Probably at the origin of fever we have to do with a state of 
abnormal tension in these nervous centres, produced by the fever-exciting cause, and 
which finds no escape by the usual channels. The more the power of the moderating 
centres is imprisoned, so much the more will the waste of tissues and consequently 
animal heat increase ; the longer this increase lasts, the more will fever become, 
what it was not at first, a general disorder, and equally so whether it is primarily 
produced, i. e. , directly through an alteration of the nerves, or secondarily, i. e. , in 
consequence of a distinct local lesion. 

Claude Bernard also (1859) refers fever to the nervous system, but considers it 
an affection of the sympathetic nerve : the chill is a phenomenon of excitation, heat 
one of paralysis of this nerve. He says : when after section of the cervical cord of 
the sympathetic on one side the temperature of the head and the blood-pressure rise, 
temperature and the blood-pressure on the opposite side diminish, it would seem 
as if the organism could dispose of but a certain amount of force, so that when an in¬ 
crease takes place upon one side a decrease must occur upon the other In fever the 
sympathetic is in a similar condition, as is shown by those cases in which the blood in the 
veins flows out red and by jets, as after section of the sympathetic, and in which there 
is simultaneously a marked increase in the temperature of peripheral parts. These 
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facts can only be explained by the occurrence in fever of a state of equilibrium 
between the internal and external production of heat; and there does occur a com¬ 
pensatory diminution of temperature in the chief sources of animal heat, the liver (B. 
estimates the normal temperature of the hepatic blood at 41.6° C.), and intestinal 
tract. Makey (18(53) professes his belief in this theory of nerve-paralysis and com¬ 
pensation of heat, and adds to it, that with dilatation of the bloodvessels increased 
flow of nutritive material from the blood to the tissues, and greater oxidation, must 
occur. In opposition to this, Samuel (Die tropfeische Nerven, 1800) designates 
fever as a condition due to a general state of irritation of trophic nerves, by which 
the increase of temperature is produced, and calls attention to the fact that the symp¬ 
toms of fever are wholly absent in paralyzed parts, in which an irritation is impos¬ 
sible. Furthermore, Schikf (1859) maintains against Bernard’s theory that we 
must not allow ourselves to be misled by the deceptive resemblance of symptoms of 
paralysis of bloodvessels to those of congestion, and to consider chill and febrile heat 
as conditions of irritation and paralysis. For the palsy of vascular nerves, which of 
itself causes a rise in the temperature of the affected parts, at the same time prevents 
the action of any local changes by which the peripheral temperature is increased. If, 
for example, we take animals whose vascular nerves have been paralyzed on one 
side by section of the corresponding sympathetic trunk, and excite fever in them, or 
overheat them by continued movements, the parts which in a state of vaso-motor 
paralysis are warmer in the non-febrile or quiescent state, become cooler and less 
vascular than the corresponding normal parts. Hence, S. concludes that besides 
vaso-constrictor nerves there are also active vaso-dilator nerves, through whose agency 
febrile heat is produced, just as the chill is produced by the action of the vaso-con- 
strictors. Both are active processes, and independent of one another; their frequent 
association only makes it probable that the irritations have a common starting-point. 
Lastly, Jacobson and Leyden ( Gentrlbl. f. d. med. Wins. , 1870, p. 259) showed that 
during fever the difference of temperature between the liver and the rectum fluctu¬ 
ates within the same limits as in the nonnai non-febrile state, and that, consequently, 
there is no foundation for the Bernard-Marey hypothesis of equalization of tem¬ 
perature. On the other hand, Bernard’s theory seemed supported by the thermo¬ 
electrical researches of E. IIankel (Arch. d. Heilk ., 18(58, 321), who found the differ¬ 
ence of temperature between the temperature of the axilla and that of the surface 
of the body, in the same individual, less in the feverish than in the non-febrile 
state. 

Although, according to what has been stated above, Virchow was also led, after 
a careful consideration of all known factors, to look for the explanation of fever in 
the nervous system, it may still be doubted whether it is necessary to conceive its 
activity as that of a directly controlling centre which modifies the production of heat 
and the amount of tissue-metamorphosis. 

Traube’s (1863, compare p. 6(52) theory of fever ascribes to the nervous system, 
instead of the capacity of producing heat, that of checking refrigeration, by a direct 
or reflex tetanic contraction of the small arteries ; it. also maintains the utility of the 
skin for the regulation of heat, as had already been done by BERGMANN in 1845. If 
Traube’s view were correct, it would no longer be necessary to seek the hypothetical 
nerve-centre which regulates metamorphosis; while, according to Budge ( Gentrlbl. 
f. d. med. Fw*., 1864, No. 35), that controlling the muscles of bloodvessels seems 
to have been found in the crus cerebri. However, this theoiy encountered almost uni¬ 
versal opposition. In the first place, Auerbacii (D. Klin., 1864) called attention to 
the fact that increased animal heat may be caused besides by (1) increased produc¬ 
tion, as has been hitherto generally assumed, and (2) by diminution of loss of heat, as 
Traube has it; also by (3) increase of both production and loss with preponderance 
of the former; by (4) diminution of both with preponderance of the latter; by (5) in¬ 
crease of production with diminution of loss of heat. And fever is not a simple 
thing; doubtless these various conditions may occur in its course under different cir¬ 
cumstances, at various times, and in various parts of the body, and the different 
meaning of the height of fever, and of the various forms of fever, may be dependent 
upon these factors. He also makes the objection, that although the blood driven out 
of the small arteries can only remain in the capillaries and small veins, and by this 
the loss of heat must be again increased, yet, on the other hand, the increased fre¬ 
quency of respiration and of the pulse produces increased cooling by the lungs and 
skin. 

Moreover, if the skin is moist and sweaty during the stages of heat and perspira¬ 
tion, which last much longer than the chill, the increased loss of heat is evident. 
Lastly, Auerbach maintains that the undoubted increase of heat-production probably 
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results chiefly from combustion of hydrogen, which is furnished by the fat which is 
rapidly consumed in every fever, and much less from oxidation of carbon, as is usually 
thought. Senator rejects these assertions, because at the same time with oxida¬ 
tion of H there should also be more CO., produced, which is not the case; and, be¬ 
sides, these products of combustion cannot be increased because of deficient absorp¬ 
tion of 0. Waciismutii ( Arch . d . lleilk ., 1885) asserts that it has not been demon¬ 
strated that a contraction of the arteries precedes, in point of time, the other 
phenomena of fever; and does this not to oppose the fact of contraction of the small 
arteries, but, on the contrary, against the reasoning that diminished loss of heat in 
fever is produced by this narrowing. And, besides, the fever continues, and the body- 
heat may even continue to rise, when the skin is perspiring profusely arid the loss of 
heat must evidently increase. And, then, the state of the vascular system, proposed 
as highly characteristic of fever, is also met with in the insane. Lastly, emaciation 
and increase in the excretion of nitrogen were inexplicable without increase of heat-pro¬ 
duction, which, moreover, was sufficiently established by LIEBERMEISTER ; so that a 
theory which assumed that impeded refrigeration was the only means by which a rise 
of temperature of febrile origin was made possible, must, at all events, be insufficient. 
Likbermeister (1865, Pray. Vicrteljalirsch ., LXXXV. ) showed that the surface of the 
skin in fever-patients during the heated stage possessed a decidedly higher tempera¬ 
ture than in the normal state, and there could not be, as required by Traube’s 
theory, less heat brought to it; and, furthermore, that demonstrably it did not give 
off less but more heat to the surrouuding medium than in the healthy state. The 
assumption of a contraction of the muscles of bloodvessels lasting weeks, such as 
must exist in long-lasting fever, was in contradiction to all physiological experience ; 
and, then, besides, the fever-patient should, in consequence of diminished excretion 
of urine and of evaporation, become dropsical, which is well known not to occur. It 
is only during the stage of chill, in which all the peripheral arteries are actually con¬ 
tracted, that an increase of animal heat may thus be caused by diminished loss of 
heat; but yet there is, as shown with certainty by his researches, an increase of heat- 
production in fever, both in the period of chill and in that of heat. Immkk.uann 
idso (I). Klinik , I 860 ), on the basis of calculations, expressed himself in favor of 
Liebermisister’s opinion, that with an elevation of temperature amounting to 1 C. 
in a grown person (even in a chill), increase of heat-production is positively to be 
assumed, a statement which to-day almost no one contradicts. L. concludes with the 
following definition of fever : “By the name fever we designate a symptom-group, 
at the foundation of which is an elevation of the temperature of the body produced 
by a morbid general increase of metamorphosis.’' Finally, Leyden (compare p. 667) 
has overthrown Traube’s hypothesis in the most positive manner by the direct 
demonstration of an increase in the giving off of heat by fever-patients, by means of 
calorimetric experiments. It is only since 1868 that through Senator some of 
Traube’s propositions have been again advanced in modified form, and with the con¬ 
cession of a moderate increase of heat-production. 

After the rejection of Traube’s theory, it appeared necessary once more to deter¬ 
mine precisely, for the explanation of the processes in fever, what share the nervous 
system had in their development. Waciismutii (1. c.) comes to the following con¬ 
clusions upon this point: Neither increased heat-production nor diminished cooling 
can of itself produce fever. If either alone were sufficient, nothing could be more 
easily produced, or even possibly cured, than fever, but unfortunately the one is as 
difficult as the other, llatlier there must be something superadded to increased heat- 
production or to arrested loss of heat,—the suspension of physiological compen¬ 
sation ; in other words, in order that a person shall become feverish, it is necessary 
that the normal capacity of compensation for changing conditions of heat-production 
and escape of heat be lost. There is thus present in fever a disturbance of the 
regulation of heat, and observation of patients shows that of the two possibilities, 
it arises by increased production without compensatory increase of cooling and 
not by checking of loss of heat, which leads to diminished production in a compensa¬ 
tory manner. Thus is it in the stage of fever-heat. However, observation of fever- 
patients teaches further that physiological regulation may not only be insufficient, or 
wanting, but that a true arrest of it may take place. The last is brought about by 
Traube’s contraction of the smaller arteries, as it occurs, for example, in the period 
of chill. The stronger and more distinct this contraction is, the more rapidly a 
marked rise in temperature takes place, until this has reached so great a height that 
the arrest is overcome, and the skin, in spite of its insufficient supply of blood, is 
heated, at the expense of internal parts, to more than the normal degree. At this 
time radiation from the surfaces increases in obedience to purely physical laws. If, at 
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length, the arterial spasm is relaxed, the functional disorder of the skin ceases, and 
the final lowering of temperature occurs with or without perspiration. According to 
this view, the sudden and rapid increase of body-heat is not the cause of the chill, 
but the changes in the skin which accompany it cause the rapid rise, and these changes 
may make their appearance at any period of the fever except when the great degree 
of heating of the skin prevents contraction of bloodvessels. The variations of animal 
heat in the course of a fever, the daily exacerbations and remissions are much more 
dependent upon tissue-metamorphosis than upon the nervous system, whereas the 
general type of the fever and its course are determined by the nature of the cause of 
the fever. With respect to the increase of metamorphosis present in fever, and of 
the allied production of heat, W., after rejecting Bernard’s vaso-motor theory, and 
Zimmermanx’s inflammatory theory, comes to the conclusion that it is not necessarily 
dependent upon the nerves, and that an “irritation ” of the blood may very well be its 
cause. This irritation may be looked upon as the effect of a ferment-like body, 
possibly ozone, especially since the discovery by Sciionlein and Alex. Schmidt of 
the property of the blood, and of hcematin of the blood-globules more particularly, by 
which they take up and transport the oxygen of the air. It is only necessary that the 
cause of fever should exalt the rapidity of diffusion of the solid and liquid parts of 
the blood, and thus effect an increase of the transportation of ozone, and that this 
does take place is taught by the composition of the urine. Furthermore, according 
to Wachsmuth, there is not in fever a simple nervous moderation of heat-production 
in the sense of Virchow, which, excited from somewhere, directly or indirectly 
arrests the processes of combustion in the body, or is left xmbridled to itself, but a 
disturbance of the regulation of the normal equilibrium of heat, a mechanism com¬ 
plete in itself, by means of which the change from greater heat-prod notion to greater 
cooling, and lessened cooling to diminished heat-production, and vice versa, is facili¬ 
tated, and the narrow limits of body-heat in the normal state maintained. Investiga¬ 
tions have not yet made us more intimately acquainted with this mechanism, but they 
have had the result of determining its existence under very varied conditions. We 
can only say that—with the exception of the purely physical changes on the surface 
of the body produced by the heat itself—it is conceivable only as brought about by 
the medium of the nervous system, its ways and means being the preponderating 
changes in the circulation of the blood in the skin and lungs, as well as the insensible 
perspiration. To be sure, it does not seem difficult to designate the lesion of the 
nervous system in fever, yet opinions on this point differ as widely as if it were a 
question whether paralysis or increased activity of the nervous system is the lesion. 
From the peculiar contrasts in various provinces of the nervous system, from the 
existence of elastic, tonic, and muscular contraction of bloodvessels, and because of 
the dispute about vaso-dilator and vaso-contractor nerves and muscles, it is difficult to 
come to a satisfactory conclusion. At the present time facts make the assumption of 
a PARALYSIS of the heat-regulating mechanism most probable. W. considers the 
event in the case of febrile-heat to be a paralysis of the nerve-centre by means of 
which the innervation of the muscles of small arteries is moderated; for the explana¬ 
tion of the chill he falls back upon the contraction of vascular muscles, and he thinks 
that a subjective feeling of cold with marked elevation of temperature only occurs 
when this contraction takes place suddenly and forcibly, whereas with a slower and 
weaker contraction the increase of heat is less, and the sense of chill is wholly want¬ 
ing. Possibly, however, the activity of this centre is not exerted specially upon the 
muscles of the small arteries, but chiefly upon the tonus of the tissues, and its inner¬ 
vation produces an alteration of the tissues collectively, including the smallest vessels, 
which with manifestations of tnrgescence and expansion opens to the blood-stream 
numerous channels, while its paralysis conduces to the opposite condition of collapse, 
such as so strongly characterizes the approach of death. The nervous factor in fever 
would consequently be a real paralysis, not so much of “ vaso-motor” as of “ sympa¬ 
thetic” fibres. Lastly, Waciismutii defines fever as “the result of at least two 
processes, one of which increases heat-production, the other paralyses regulation of 
heat through the nerves, and which when they occur together give rise to the succes¬ 
sion of phenomena which constitute a febrile period.” 

The clinical observations of this period were wholly favorable to the assumption of 
the existence of a regulatory centre, as well as to its paralysis. This significance was 
especially placed upon the excessive temperatures at death, which appeared together 
with numerous signs of palsy of the nervous system, as well as after injuries of the 
spinal cord. WUNDERLICH, who likewise considered incomplete regulation as the 
cause of pathological modifications of animal heat, concluded, from numerous obser¬ 
vations of extreme elevation of body-heat toward the end of fatal neuroses, that in 
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the unknown “changes in the nervous centres which cause death by so-called nervous 
exhaustion, there are factors by which its regulation is hindered or suspended. Per¬ 
haps the tissues disintegrate prematurely in consequence of the cessation of the 
influence of the nervous system, and of chemical processes which rapidly produce 
heat.” It was now attempted to determine experimentally the seat of the regulatory 
centre, and in this way many important facts were learned. TSOIESCIIICIIIN con¬ 
stantly observed, after section of the spinal cord in rabbits, a lowering of the body- 
lieat, whereas an increase of heat followed a section through the medulla oblongata; 
and he concluded from these facts that the spinal cord may continue to perform its 
functions independently for a while after its separation from the brain, and that this 
independence is shown in an increased excitability of its centres, the activity of which 
is temporarily morbidly heightened and exhibits itself in increased animal functions, 
whereas, without section, all these functions remain under the control of the brain, 
which moderates them and holds them in equipoise. Consequently, for him, fever is 
“ a morbid increase of the activity of the spinal centres in consequence of a weakness 
or palsy of the moderating parts of the brain, whereby a series of chemical processes 
increase to a degree impossible while the functions of the brain are normal.” It 
must certainly not be overlooked that in observations upon dying patients, as well as 
in T.’s experiments, we have to do with exceptional conditions, which do not seem 
well suited to give a direct insight into the ordinary febrile state. At all events, even 
in this, complicated conditions are involved. This is also indicated by the results 
which Naunyn an 1 Quincke arrived at by similar experiments. They conclude from 
them that there are in the spinal cord, besides vaso-motor fibres which exert a regu¬ 
lating influence upon loss of heat, and by whose paralysis after the operation an 
immediate dilatation of the bloodvessels of the skin and consequently an excessive 
loss of heat ensue, yet other fibres, which effect a regulating (inhibitory) influence 
upon heat-production in internal organs, and by whose division an increase of produc¬ 
tion of heat is made possible in the latter; it yet remains uncertain whether these 
are identical with the fibres which furnish innervation to the bloodvessels of internal 
organs. A direct or reflex excitation of a hypothetical heat-centre by division of the 
spinal cord, they consider improbable. The above-mentioned observations of Hankel 
upon the increased temperature of the skin in fever are explicable by the help of 
these researches. 

In the next few j r ears the doctrine of regulation of heat was quite specially elabo¬ 
rated by Liebermeister, although it has, in the form in which it was presented by 
him, been subjected to numerous and well-grounded attacks. In particular, L. main¬ 
tains that there is a regulation of iieat-froduction according to each occa¬ 
sional loss OF HEAT; the more heat is abstracted, the greater is the combustion. 
It is by such contrivances that the apparatus of regulation of heat is made perfect 
and becomes fitted for the performance of its extraordinary functions; and it thus 
becomes possible for the organs in the interior of the body to maintain their normal 
temperature in spite of the actually occurring great losses of heat. This capacity is 
most probably made active through the nervous system, and it necessitates the hypothe¬ 
sis of an “ excito-caloric system.” Even in fever-patients such a regulation of produc¬ 
tion according to loss of heat takes place, as is shown by experience in the use of 
cold baths, by means of which the production of heat, already increased above the 
normal, is excited to a much greater intensity. To be sure, it would appear that its 
means are somewhat more restricted than those of the healthy, and that, for exam¬ 
ple, it is not capable of withstanding a strong refrigeration for so long a time. In 
the further development of his idea, L. expresses himself as follows about fever. 
To the febrile state there belong necessarily the increased temperature as well as the 
increase of heat-production, but neither the one nor the other, nor both together, 
constitute the essence of fever, which rather consists in this, that REGULATION OF 
IIEAT IS FIXED AT A HIGHER DEGREE OF TEMPERATURE. A healthy person is 
distinguished from a fever-patient chiefly in that he regulates his loss and production 
of heat in equilibrium at about .17° C., and as far as is physically possible maintains 
this temperature, or regains it as quickly as possible. The fever-patient, on the con¬ 
trary, no longer regulates at 37 C., but for a given higher degree; yet by no means 
is the regulation of heat wanting in him. Were this the case, he must behave with 
respect to his body-heat just like an animal in whom the spinal cord is separated from 
the brain. To be sure, the condition in which such an animal is has often been 
called true fever, but the fact that in this state a moderate increase of loss of heat, 
bjr which the temperature of a fever-patient would not be noticeably altered, is 
sufficient to reduce the animal’s body-heat far below the normal, would seem to con¬ 
tradict the assumption of such a similarity. In what manner the establishing of 
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regulation at a higher degree, by means of which the organism has the decided ten¬ 
dency to continue at its high temperature of perhaps 40 C., is brought about, is at 
present absolutely obscure, and will not be better understood until after we shall 
know more about the intrinsic mechanism of regulation of heat in the healthy. All 
the most various phenomena which the symptom-group of fever embraces, all the 
peculiarities of the feverish organisms are naturally deducible from the change of 
place of regulation of temperature to a higher degree. In the stage of chili this 
higher location is suddenly effected; in the stage of decrease of fever it does not 
descend from the previously high degree to the normal in a moment, but gradually, 
and often with oscillations. 

Liebersieister’s theory met with much opposition. It was accepted by ZlEMSSEN 
and Im.mek.mann (Kalticasserbehandl. d. Typhus abd., 1870), though with the modi¬ 
fication that during the period of exacerbation the temperature is gradually elevated 
to successive heights by the postulated centre for regulation, while, on the contrary, 
during the period of remission it is established on successively lower degrees, and 
that the degree of temperature which happens to be present is retained with equal 
tenacity, whether it occurs in the period of exacerbation or in that of remission. 
Botkin (Med. Jilin., 18(51)) attaches more importance to the regulation of the loss 
of heat, and in this connection refers to the activity of an apparatus, the irritation 
or depression of which has an influence upon the secretion of sweat, in analogy to 
Ludwig’s experiments upon the secretion of saliva. Immermann also (7). Arch. f. 
kl. Med., XII., p. 179) argues in favor of the existence of such an apparatus. He 
assumes, with special reference to the frequent occurrence of a wholly dry skin with 
congestion (acute exanthemata, febrile turgescence), the existence of a nerve- 
centre, through irritation of which the secretion of sweat is arrested (as is the rule, 
for example, in fever), and through paralysis of which this secretion becomes pro¬ 
fuse (as in the agony, or under the influence of certain causes of fever—as acute 
rheumatism); and locates it in the medulla oblongata or just above it, in the neighbor¬ 
hood of Liebermeister’s vaso-motor and excito-caloric centres. He believes that 
under the influence of fever-exciting causes usually ail three centres are placed in a 
state of irritation, the conjoint effect of which is a rise of temperature with pheno¬ 
mena of ischaemia of the skin and with arrested perspiration, though under peculiar 
circumstances irritation of the vaso-motor centre and of the sweat-moderating 
centre as well, may be wanting, or nearly absent. These conjectures are to a certain 
extent supported by the investigations of Ludwig and Ustimowitscii (Ber. d. K. S. 
Oes. d. W ., 1870, XXII., p 440), and of Heidenhain, according to which not only 
a certain blood-pressure in the vascular net-work of glands, but also a certain 
nervous influence and excitation is necessary to the excretion of the glandular pro¬ 
duction ; and it is presumable that the febrile tissue-metamorphosis is capable of 
influencing the secretion of sweat in a variety of ways. For, at any rate, the absence 
or presence of sweat does not depend upon the febrile process, but upon the kind of 
disease and upon individual peculiarities. Lastly, with respect to the state of the 
temperature of the skin, it must be remarked that this, as E. Hankel discovered 
by thermometrical means (Arch. d. Heilk., 1873, XIV., p. 157), begins to rise at the 
beginning of natural or artificially produced perspiration, and remains elevated until 
its cessation, while the axillary temperature remains unchanged or is a little raised. 

In the meanwhile the attempt had also been made, in conjunction with observa¬ 
tions on traumatic fever, to determine more exactly its origin and that of fever in 
general, by experimental means. In general less attention was paid, in these re¬ 
searches, to the regulating mechanism, than to the mode and course of the increased 
heat-production, whose occurrence was no longer doubted. Thus, C. O. Weber 
(18(55, Billb. u. Pitha, Chir., p. 599) understands by fever, “ a general increase 
of tissue-metamorphosis united with heightened temperature, which is produced by 
poisoning of the blood by the products of decomposition of the tissues, acting in a 
ferment-like manner, and which determines a rapid decrease of body-weight.” Berg- 
mann also (Be'ei'sb. Zeitschr., 1809, XV., p. 1(5) states that with reference to a specific 
difference between the influence of products of putrefaction or inflammation upon 
the temperature, he was able to discover no difference, or only a difference of degree. 
He considers it possible that inasmuch as inflammation is only a mode of decomposi¬ 
tion, increased in quantity and more rapid, its products do not behave toward the 
organism as something completely heterogeneous, and thus its effects upon the gen¬ 
eral temperature are produced in the same manner as by the increased local temper¬ 
ature of inflammatory foci demonstrated beyond question by John Si.mon and 
Weber. For the causes of fever do not open up absolutely new sources of heat; 
they only increase the productiveness of those already present. B., looks upon the 
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blood as irritable, somewhat in the same sense as Wachsmtjth, and as irritated by 
the pyrogenic and phlogogenic products of the inflammatory focus. A return of the 
temperature to the normal follows the excretion of the irritament. Billroth 
(1872, Arch. f . kl. Chir.) considers as best suited to explain traumatic fever, the 
hypothesis, that substances are carried into the blood from gangrenous or inflamma¬ 
tory foci, which substances affect certain parts of the nervous system in such a 
manner, that henceforward the regulation of heat is destroyed, although it remains 
uncertain whether increased heat-production or diminished loss of heat occurs. 
The pyrogenic substances carried into the blood from the putrefactive and inflamma¬ 
tory foci, and between which there is no important difference in this respect, are not 
produced by the injury itself, but by septic processes in the wound. Whether the 
latter are only produced by a form of vibrio-gangrene, and the fever caused by fungi 
which enter the blood (HOter, Klebs), has not yet been proven. It is, however, 
improbable that pyrogenic substances first produce an inflammation, and only cause 
a rise of temperature in consequence of it (Zimmermann). 

According to Klebs ( Schweitz. Corrbl ., I., 1871), the fever which accompanies the 
beginning of suppuration is produced by the entrance into the blood of phlogogenic 
elements which are produced in every suppuration, and which are probably identical 
with the ozone-carriers demonstrated in the spleen and in pus by K. Continued 
fever is caused by the continued importation of these substances, the end of the 
fever by cessation of the supply. It is presumable that the deleterious properties of 
pus, as well as those of the general infection produced by suppuration, are due to 
the presence of organized elements, most likely the fungus which he calls micro- 
sporoa septiemn; and during the development of which a substance is produced which 
has the property of exciting fever in the nutritive fluids. On the contrary, Albert 
and Stricker (1871), deny that pus has any special pyrogenic property. P. XiE- 
meyer ( Memorab ., 1878) may also be mentioned here as thinking that fever depends 
upon imperfect processes of combustion. 

Klebs and Sapalski ( Wiirtzb. Verhdl ., III., p. 142), and Naunyn and Dubc- 
ZCANSKi {Arch. f. exp. Pathol ., I., 1873) have opened up a most interesting perspective 
for our knowledge of fever. They found that injections of pus produced increased 
heat-production and increased loss of heat as well. The amount of the latter de¬ 
pends in an important manner upon the external temperature, and may well be the 
result of an effect of the pus upon the circulation of blood in peripheral parts; and 
K. in this connection calls attention to the increased loss of water which takes place, 
probably by increased evaporation. The increase of lieat-production K., on the 
contrary, considers to be the result of the prolonged action of a peculiar chemical, 
ferment-like action of the ozone-bearing pus. Naunyn holds the septic fever 
produced by experiments to be a vaso-motor phenomenon, which is produced by 
disorder of the fuuction of certain parts of the central nervous system, and which 
conduces on the one hand to increased giving off of he it by an influence upon the 
cutaneous vessels, and on the other hand, to increased production of heat by an 
influence upon the circulation in the internal organs. The great similarity in the 
condition of animals experimented on to that of those upon which sections of the 
spinal cord have been made {vide p. (178) renders it very probable that a condi¬ 
tion of paralysis is the cause of these disorders. In this way two factors are set 
free, which struggle for mastery over the result, as it were: whether this be a rise of 
body-heat or not, depends upon the preponderance of one of them, which do not 
necessarily always bear the same reiatiou to one another. Accordingly, it can no 
longer be doubted that in really feverish states in man a lasting normal or sub¬ 
normal temperature may be produced, if the factor of refrigeration assume the 
upper hand. 

Most recently, two contributions have appeared which are calculated to rehabili¬ 
tate some of the laws of Tiiaube's theory. First, Huter (1872 and 1873) published 
a theory, which he supports chiefly upon observations of disturbed circulation in the 
mesentery, tongue, and lung of the frog, after iufection produced by fluids contain¬ 
ing monads. Even in a few hours after infection, he found numerous small 
arterial and venous vessels filled with red blood-globules and excluded from the cir¬ 
culation ; and in twenty-four hours one-half of the capillaries were in this condition. 
The occlusion of these bloodvessels is very often caused by adherent monad holding 
white globules. (Consult Birch-Hirschfeld, Arch. d. Ileilk. , XIII., p. 389.) In 
the remaining vessels there is partly a slow and incomplete circulation, partly one 
which is normally fast and complete, the latter being a proof of the non-existence 
of palsy of the heart, by which the diminished rapidity of the whole circulation 
might have been explained. II. thinks, that this exclusion of such a large number 
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of bloodvessels from the circulation must cause an important diminution of the 
amount of loss of heat from the external surfaces (skin) and from the internal sur¬ 
faces (the lungs), just as Traube’s contraction of the small arteries, not proven to 
exist in all stages of fever, does. Exclusion of about one-half the bloodvessels from 
the circuit of the circulation, would represent a diminution of loss of heat by one- 
half, and in warm-blooded animals would suffice to explain the increase of tempera¬ 
ture. The chill, with its sudden rise of temperature, indicates a sudden exclusion 
of numerous cutaneous vessels from the circulation. There is, moreovei’, no legiti¬ 
mate symptom of fever which is not capable of being sufficiently and simply ex¬ 
plained by this theory. H. applies, in the first place, his theory to traumatic and 
suppurative fevers, and adds, provisionally, that increased production of heat may 
well play a part as well as diminished giving off of heat, and that every variety 
of fever must not be hastily subjected to the theory. 

Lastly, Senator (1873) has given us a detailed exposition of his opinions upon the 
febrile process, as derived mainly from exact experiments upon metamorphosis. He 
expressly declines to give a definition of fever, because it appears doubtful to him 
that only one and the same process makes up what is generally understood by that 
term. His experiments, he states, are not applicable to all febrile diseases, but only 
to the greater number, especially the majority of acute infectious diseases ; while 
other cases very surely, in still others probably comport themselves quite differently, 
and show nothing in common with fever except the increased temperature and its 
consequences. Rise of temperature is onty one symptom, and does not constitute the 
essence of fever ; its explanation has not yet furnished any theory of fever, because 
underneath this symptom very different morbid processes are combined, and because 
there are in fever other important processes independent of elevation of temperature. 
Among these he considers chiefly the special tissue-changes, as can be proven, in par¬ 
ticular, by the different effects of pure pus and of pus treated with glycerine. He 
presumes that in the course of time it will be possible to divide fever, on the one 
hand, into one or several processes causing increase of temperature, and in other's 
causing modification of tissue-metamorphosis. As important, though not sole sources 
of heat, he considers the demonstrable processes of oxidation; and for him the 
regulation of heat is nothing but the regulation of loss of heat. It (regulation of 
heat) takes place under normal conditions, in so far as it is not voluntarily produced, 
by changes in the frequency of respiration, and, besides, by the changing vascularity 
of the skin (regulated by the needs of the moment) and the therewith changing loss 
of heat. (Compare Berumann, Muller's Archiv , 1845.) In fever the utility of the 
skin is impaired to an important degree, because under the inlluence of the cause of 
fever an enormous irritability and irritation of its bloodvessels are produced, in con¬ 
sequence of which they are, from the beginning of the fever onward, occasionally 
contracted, and thus the equalization of superfluous heat is prevented. These peri¬ 
odical diminutions of loss of heat, together with a constant, though not great increase 
of heat-production, are the important causes of the febrile rise of temperature, and 
by them all the important phenomena of fever may, according to S., be explained in 
the most natural way. Senator’s exposition of the febrile process is simple, and 
is supported by facts which are almost universally acknowledged, a superiority which 
distinguishes it from many other theories. 


XVII. MARASMUS. 

Canstatt, Die Krkh. cl. hoh. Alt.., 1839.— Day, A Prnct. Treat, on Dis. of Ad¬ 
vanced Life , 1849. — Durand-Fardei,, Traite des malad. cles vieillards , 1854.— 
Geist, Klin. d. Griesenkrkh ., 1857.— Buiil, Z. f. rat. Med., 1857, VIII., p. 97.— 
Ciiarcot, Lee. sur les mal. des vieillards , etc., 1808. 

Marasmus is the state peculiar to advanced life, but occurring at every 
age under morbid conditions, which consists in diminished nutrition and 
capacity of function of almost all tissues and organs. 

Senile marasmus, and that which results from disease, premature maras¬ 
mus, are hardly or not at all to be distinguished. In the earlier stages, in 
the marasmus of age, diminished nutrition and capacity of function affects 
almost all tissues and organs in nearly equal intensity, while in premature 
marasmus one organ or system, or another, is affected in a much greater 
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degree. In senile marasmus also the latter is often the case, but for the 
most part the initiatory disturbances escape the observation of both phy¬ 
sician and patient. 

In marasmus few changes are so constant that they can with certainty 
be regarded as consequences of it. With respect to most of these changes, 
no anamnestic or pathologico-anatomical distinction can decide the question 
of their origin from a preceding disease. 

1. Senile marasmus. 

The cause of senile marasmus is old age, the period after the seventieth 
year of life (“senectus ipsa morbus”). This form appears earlier and re¬ 
markably more quickly in persons of low vitality, from hardships, depressing 
psychical states, excesses, as a consequence of severe attacks of disease during 
the earlier years of life, and as a result of the use of powerful therapeutic 
means. 

The symptoms of marasmus concern every system of the body. 

The organs of circulation show the most frequent and furthest ad¬ 
vanced changes. 

The heart becomes, as a whole, larger, especially broader, and somewhat 
thicker, and its openings somewhat wider. The valves are mostly thickened; 
the endocardium chiefly, in general or at points. The substance of the 
heart shows a stronger pigmentation, not infrequently fatty degeneration. 
The pericardium resembles the endocardium. The cardiac force is in gen¬ 
eral lessened. 

The arteries, usually the aorta most distinctly, likewise become larger 
and thicker: the thickness proceeds usually from an increase of all the 
tunics. Their elasticity and contractility are diminished, for the most part 
in consequence of the excess of connective tissue, often also through fatty 
degeneration and calcification, which, especially through the diminished 
nervous influence, is of importance with respect to the small arteries of 
various organs, of the heart itself, brain, large glands, as well as of those 
parts which are furthest from the heart (feet). 

The veins become thick-walled, uniformly or irregularly wider, espe¬ 
cially in the lower half of the body. Their elasticity is diminished. 

The capillaries become in part wider, in part narrower to complete obli¬ 
teration; their wall frequently shows fatty and pigmentary metamorphosis. 

By all these conditions the circulation is in general afiected injuriously. 
The heart’s beat and the pulse are weaker ; the latter in rigid arteries is re¬ 
markably hard. The sounds of the heart and arteries are feeble, and not 
infrequently modified. The heart-beat is, from unknown causes, quite often 
suspended. The mean frequency of the pulse rises to 75 and 80 beats. 
The temperature is lowered (see page GOG). The blood accumulates, espe¬ 
cially in the veins (so-called venosity), while the arteries are in general more 
empty. There exists a tendency’ to thrombosis of the arteries and veins 
(so-called marasmic thrombosis); in consequence of the former there results 
amemic softening of the brain, and senile gangrene of the extremities. The 
influence of the vaso-motor nerves upon the arteries is probably always 
diminished, in consequence of which, influences of various kinds (changes of 
temperature, accidental and surgical wounds), without danger in the normal 
state, pass into inflammations and gangrene. 

The blood-mass is diminished (senile anaemia). Almost all organs are 
anaemic. The blood itself is clearer, more fluid, poorer in solid constituents, 
especially in blood-corpuscles and albumen, richer in cholesterin; coagula- 
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bility is increased (“the fibrin increases”). In consequence there follow 
the general symptoms of chronic anaemia and hydrsemia, especially cool ex¬ 
tremities, etc., and the special signs of diminished function of all organs. 

The larger lymphatic vessels behave in general similarly with the veins. 
The conditions of the lymphatic capillaries are unknown. The lymph- 
glands show simple atrophy in a varying degree to complete disappearance, 
sometimes transformation into fatty tissue, and calcification. 

The spleen behaves in a similar manner. It becomes smaller, dense, 
and tough, reddish-brown (so-called brown atrophy) ; its pulp may be so far 
lessened, that its tissue consists, in larger proportion, of trabeculae and 
thickened vessels; its follicles are few, small, and even altogether want¬ 
ing. The capsule is often irregularly thickened, so that the expansion of 
the organ is more or less prevented. 

In consequence of these structural changes of the spleen and lymph- 
glands, the formation of colorless blood-corpuscles is probably diminished. 

The organs of respiration likewise show constant changes. 

The mucous membrane of the nose and pharnyx presents sometimes 
atrophy, sometimes hypertrophy of various kinds. The air-passages be¬ 
come wider, especially in consequence of the thinning of the mucous and 
muscular tunics, and diminished elasticity of their walls; the cartilages be¬ 
comes richer in fat; not infrequently they are transformed into spongy 
bony tissue. 

In the lungs so-called senile atrophy, or senile emphysema, is very often 
found, dependent upon a disappearance of the alveolar septa with destruc¬ 
tion of the capillaries, thence giving rise, especially in the borders of the 
lungs, to very large air-filled spaces. The whole lung is smaller, less elastic, 
often rich in so-called false pigment; here and there presenting atelectases, 
and other effects of various disturbances which may occur during a Jong 
life. 

The intercostal spaces are, for the most part, correspondingly depressed, 
with anterior and lateral flattening, and general narrowing of the thorax ; 
the vertebral column is kyphotic, and, from the lessening of the inter¬ 
vertebral cartilages, shortened. The respiratory muscles, especially also 
the diaphragm, are, for the most part, atiophied. 

The changes in the interchange of gases in senile lungs are not cer¬ 
tainly known : most probably there is a diminution in the oxygen taken, as 
well as of the carbonic acid given off, which are consequences partly of the 
conditions mentioned, partly of the diminished force, especially of the right 
side of the heart, parti) of the diminished number of the red blood-cor¬ 
puscles, partly of the impaired movement of the body, etc. 

In consequence of these states, as well as of those of the circulatory ap¬ 
paratus, there is a shortness, with greater frequency and lessened depth of 
the respiratory act, diminished capacity of the lungs, diminished reflex irri¬ 
tability of the air-passages, lessened and difficult cough in disease, and conse¬ 
quently labored expectoration; finally, and on this account, the readier 
appearance of severer or deeper bronchitis, catarrhal lobular or lobar pneu¬ 
monia. 

The apparatus of digestion, as a whole, shows more or less distinct signs 
of atrophy ; often loss of the teeth, and, therefrom, atrophy of the jaws, 
especially the lower; thinning of the whole digestive mucous membrane, 
already visible on the surface of the tongue, most marked in the small intes¬ 
tines, sometimes with black pigmentation and atrophy of the intestinal 
villi; not infrequently thinning of the muscular coat, and, in consequence 
of it, marked general or partial dilatation of portions of the intestines. 
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In senile marasmus the gastric mucous membrane shows sometimes more or less 
numerous small yellow spots, i.e ., groups of glands with fatty contents (so-called 
gastritis glandularis , Klebs). 

Accompanying these conditions are difficult mastication and deglutition, 
diminished sense of taste, slower gastric and intestinal digestion, dimin¬ 
ished resorption from the stomach and intestines, difficult defecation, some 
times alternating with diarrhoea. In addition there is a diminished con¬ 
sumption of nourishing foods (bread and meat) an account of the diminished 
function of the teeth, muscles of mastication, etc., and sometimes a more 
abundant use of less or non-nutritious substances. All these unfavorable 
circumstances are attended by a kind of chronic inanition (see p. 526). 

Atrophies of glands belonging to the apparatus of digestion occur in like 
manner : the glands proper of the mucous membrane in the whole length of the 
digestive canal, the salivary glands, especially the pancreas, liver, mesenteric 
glands. The liver shows the so-called senile or red atrophy, which consists 
in a diminution of the liver-cells with relative dilatation of the bloodvessels. 
The results of the more important functional disturbances, are, in detail, 
unknown : at all events there is diminished absorption of nutritious, etc., 
substances into the blood. The bile becomes richer in cholesterin. 

Of the urinary apparatus, the kidneys are not infrequently diminished 
in size, presenting atrophy of the urinary tubuli and bloodvessels with or 
without hypertrophy of the intermediate tissue, and atrophy of the mucous 
membrane of the urinary passages for the most part with atrophy of the 
muscular substance. In consequence of the renal changes the urine becomes 
scantier, darker, richer in coloring matter; it also contains more urea and 
chloride of sodium, as well as extractive matters and odoriferous substances. 
The affections of the urinary passages are followed by a diminished contrac¬ 
tion of the bladder, retention, or incontinence. 

The brain, especially the cerebrum, become ssmaller and firmer, tougher, 
poorer in fat and richer in water; the convolutions are diminished in size. 
The sub-arachnoid space is usually enlarged, and the liquid of the cerebral 
cavities increased, and the meninges are for the most part clouded. The 
vessels show various forms of atrophy. The spinal cord behaves in a sim¬ 
ilar manner. Almost nothing is known respecting the sympathetic and 
the nerves. 

Proceeding from this are, in general, a diminution of all psychical func¬ 
tion, which may amount even to imbecility, loss of sleep, lessened subjective 
impressions during disease. Likewise from the resulting disturbances in 
the muscles and bones is explained the diminished movement of the extremi¬ 
ties and internal organs, and on the other hand the trembling of the limbs, 
etc. 

The organs of sense, sometimes all, sometimes a single one in a greater 
degree, show atrophy in its various forms. The cornea frequently presents 
the so-called arcus senilis (gerontoxon). 

Of the male genitals, the testicles are found to decrease in size and 
suffer fatty degeneration, in consequence of which the semen is secreted 
more scantily, becomes thinner and for the most part poorer in spermatozoa. 
The tunics of the testes are often thickened. The prostate gland is some¬ 
times atrophic, sometimes in a varying degree hypertrophic: the latter is 
the occasion of various disturbances connected with the evacuation of the 
urine. 

Of the female genitals, the ovaries present atrophy of high degree. 
The uterus is either diminished in size or enlarged by secretions accuinu- 
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luted especially in its body, and its walls are for tlie most part thinned ; its 
tissue is sometimes very tough, sometimes extremely soft, in which latter 
Ccise its mucous membrane is often lacerated by haemorrhages. The pudenda 
show varying degrees of atrophy. In the mamma) atrophy of high degree 
of the proper gland-tissue is found, sometimes with dilatation of the larger 
gland-ducts and replacement of the gland-substance by fatty tissue. 

All these states are commonly followed by decrease of the sexual func¬ 
tions and their tina! disappearance, for the most part much earlier in the 
female than in the male. No noteworthy pathological conditions result 
therefrom. 

The boxes, most strikingly the tubular bones and vertebra), remain of 
normal size or become smaller (excentric or concentric atrophy). In the 
former and much more frequent case the compact tissue wall is thinned, 
and in places entirely disappears; sometimes it remains of normal thick¬ 
ness, but is very porous; the bone-corpuscles become wider, and the basis- 
substance poorer in organic substance. The spongy substance likewise 
becomes more scanty in its bony constituent, the diploe may almost disap¬ 
pear; the medullary spaces become everywhere wider; the yellow marrow 
is for the most part transformed into the red; or like the red it becomes 
softer, more vascular, or anremic and cedematous. The cartilages show vari¬ 
ous degrees of atrophy, especially metamorphosis into fibrous substance or 
into bone, or they calcify ; those of the joints are thinned, the joints them¬ 
selves become drier. The sutures between the bones of the skull disappear. 
In consequence of all these conditions, the solidity of the bones is dimin¬ 
ished, and they break more easily; movable bony parts, especially the 
vertebral column, become less flexible ; the latter shows kyphosis. 

The muscles ai*e scantier, especially in proper muscular substance, l-icher 
in pigment, poorer in fat, more easily lacerated. The flexors mostly pre¬ 
ponderate, and on this account the articulations, most distinctly the fingers, 
are bent. Their electric contractility is diminished. The tendons are drier, 
and often shorter. 

All motion becomes slower, and more awkward : not merely that of the 
body and extremities, but also the movements of respiration, voice, masti¬ 
cation, etc. 

According- to Ranke, there is a relative increase of apparatus of motion and 
decrease of the glandular apparatus with age ; tissue-metamorphosis rises and falls 
with the increase and decrease of the whole glandular apparatus in relation to the 
organs of motion. 

The skin becomes thinner, in the white races richer in pigment, dirty 
yellowish, in the colored races poor in pigment. The epidermis becomes drier, 
thinner, and scales off irregularly ( pityriasis senilis). Its stratum Malpighi 
becomes richer or poorer in pigment. The corium itself loses its vascu¬ 
larity, moisture, and elasticity. The nails become striated, deformed, brittle ; 
the hairs become blanched, drier, atrophic, and fall ( calvities senilis). 
Sebaceous and sweat-glands become smaller, with less capacity of function: 
the skin is less oily, and perspiration diminishes. Through all these con¬ 
ditions the function of the skin becomes manifestly diminished. From 
unknown causes there is found not infrequently a peculiar lrypersesthesia 
(so-called prurigo senilis ), sometimes very numerous boils, retention-tumors 
of various kinds of the sebaceous glands, teleangiectases, hypertrophies of 
the skin, etc. 

The subcutaneous fatty tissue is almost always diminished, darker and 
more horny. The connective tissue especially becomes drier. 

See Flemming, Arch. f. micr. Anat., 1S71, VII., p. 328. 
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The above-mentioned properties of the skin, muscles and bones explain 
the known peculiarities of the external habitus in senile marasmus, espe¬ 
cially of the face and hands. Even the length of the body decreases 6 cent, 
and more ; likewise the weight of the body by 6 kil., and more. 

Through all the anomalies state/! there arises a diminished resistance to 
injurious influences of every kind, and therefore a greater tendency to dis¬ 
ease; and, further, a less resistance to morbid processes, to therapeutic 
measures (medicamentous and surgical), to bloodletting and haemorrhages 
.especially, and thereby a greater mortality. 

2 . Marasmus as a result of disease. 

A general representation of this marasmus is impossible ; it is much more 
necessary, in individual cases, to look for its causes. With respect to this, 
and especially noteworthy, are : 

Lowered vitality: in children born prematurely, or of diseased parentage 
(tuberculosis, syphilis, losses of blood, sometimes severe acute diseases, etc.); 

Deficient or unsuitable nourishment, occurring more often especially in 
sucklings and small children ; 

Difficult taking of food from various diseases of the mouth, throat, oeso¬ 
phagus, cardiac orifice; 

Diminished resorption on the part of the stomach or intestines (so-called 
atrophia mesaraica , etc.); 

Diminished function of the so-called blood-forming organs (lymph-glands, 
spleen—liver in retention of bile, etc.—bone-marrow?); 

Haemorrhages, losses of albumen, diabetes;—severe general diseases, 
especially chronic tuberculosis, syphilis; 

Long continuing moderate or occasionally high fever; 

Some diseases, in which, from causes more or less unknown, there is an 
especially striking marasmus present: morbus Addisonii, m. Jiasedowh 
[Graves’ disease—E d.] ; goitre in the short-lived. 

Therapeutically there are occasionally conditions, which should be considered 
in this place: for example, hunger-treatment, Banting treatment, “‘dry” treat¬ 
ment, etc. Hunger-treatment is, in important particulars, like the condition de¬ 
scribed under the head of chronic inanition (p. 534). For details upon the Banting 
cure, vide p. 544. 

The symptoms of this form of marasmus are various, according to the 
nature of the underlying affection. At first they consist of the signs of 
acute or chronic amend a of inanition ( vide pp. 533-4), or those of anaemia 
succeeding haemorrhage (p. 520), or of hypalbuminosis (p. 533), etc. After 
long duration there are allied to these more or less striking disorders of 
various organs, sometimes in all to a similar extent, sometimes especially in 
one or another. More especially striking are the symptoms as exhibited in 
convalescence from severe acute diseases, especially typhoid fever (wasting 
of the skin, hair, muscles, sometimes of the intestinal canal, etc.), and in 
some chronic affections, especially diabetes mellitus (vide p. 578), sometimes 
m chronic cancer, granular liver, chronic swelling of the spleen. 

The issue of marasmus depends upon the nature of the disease causing 
it. 

XVIII. hemorrhagic diathesis. 

Virciiow, Rdb. d. Path ., 1854, I., p. 339; Deutsche Klinik, 1859, No. 33. — 
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Grandidier, Die Hamophilie , 1855.— Lemp, lie JmmophUia nonnuUa adj. morbi 
specimine rarion, Berl. Diss., 1857.— Wagner, Die Fettmetamorphose den Herzfleisches, 
1804; Arch. d. lleilk., IX., p.497; X., p. 337.— Kappeler, Ueber Purpura , Zurich 
Diss., 1808. [Legg, A Treatise on Haemophilia , Bond., 1872 .—Ed.] 

Compare the literature of Hiemorrhage, p. 210; of Scorbutus, etc. 

Under the general name of haemorrhagic diathesis, are grouped a number 
of conditions, in which there occurs from different vascular areas a bleeding 
unexplained by any of the known causes of haemorrhage (mechanical causes, 
changes in the texture of bloodvessels, congestive or accumulation-hyper- 
scmia). 

The forms of disease belonging to this group are sometimes primary and 
well-characterized : as, for example, the bleeding-sickness or haemophilia, 
true scorbutus, the morbus maculosus Werlhojii , purpura or peliosis rheu- 
matica ‘ sometimes these affections exhibit transitions into one another; 
sometimes similar conditions make their appearance in consequence of other 
well-marked diseases (acute exanthemata, typhoid fever, pyaemia, icterus, 
diseases of the spleen, etc.), after the administration of several medicines 
(iodine, mineral acids, etc.). 

In many of the above-mentioned affections remote and exciting causes 
are known. Thus, in the case of haemophilia, inheritance, especially in the 
male line; for scorbutus, restricted diet (want of fresh meat and vegeta¬ 
bles), cold, dampness, muscular exertions, depressing psychical impressions. 
The haemorrhagic diathesis shows itself only occasionally, sporadically or in 
the course of epidemics, in other diseases, as measles, pharyngeal diphtheria, 
etc. 


Several endemics, especially in houses of correction, are in favor of the identity 
of morbus maculosus Werlhojii with scorbutus; in many of the cases there was 
only an affection of the palate and gums, in others the sisual morb. mac. W. , in some 
large ecch 3 r moses. and in others yet haemorrhages in the muscles, and lastly in some 
haunorrhage under the periosteum. Thus it was in the endemic in the prison at 
Wartenburg, described by Wald ( Vierteljschr. /. ger. Med. , 1857, XI., p. 45). 

Bauer l Deutsche Klin. , 18(58, No. 35) met with certain families of which individual 
members were affected with purpura at a certain age. Hence he infers a relationship 
between morb. mac. W. and hajmophilia. 

Not one exciting cause common to the various conditions grouped under 
the title of haemorrhagic diathesis, is yet known. It is most likely that 
different causes are operative in the various conditions. In this connection 
may be named : traumatic influences, which in predisposed individuals may 
be so insignificant as to be overlooked by the patients (in haemophilia, in 
many instances of bleeding into the muscles or from the gums, in scorbu¬ 
tics) ; congestive or collateral hypersemiie which subside so rapidly that the 
patient does not observe them, or which involve parts which furnish few 
symptoms or none at all. 

To this category belong the small haemorrhages of internal and external 
organs which occur in the course of ulcerative endocarditis: they are caused 
by capillary emboli. 

The htemorrhages which take place in consequence of accumulation-hyperaemia 
(Stanungshyperdmie), which have been recently exactly described after microscopic 
study by Counheijc ( Virchow's Arch. , XLI., p. 220), do not belong to the haemorrhagic 
diathesis {ride p. 186). 

In cases of haemorrhage like those mentioned supra we often find, and 
almost equally do not find acute or chronic alterations in the walls of the 
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bloodvessels, functional, or chemical, or anatomical in nature, and most 
commonly fatty metamorphosis. And, in the first, place, the degeneration 
of the vascular walls may be the consequence of the haemorrhage or of the 
simultaneously present general anaemia. 

Many think that the frequent haemorrhages in acute poisoning by phosphorus are 
caused by fatty degeneration of bloodvessels (Klebs, Bollinger). 

In haemophilia as in chlorosis the narrowness and great elasticity of the arteries 
may so much increase the blood-pressure in the capillaries, that thereby a pre¬ 
disposition to haemorrhage arises, and the lacerations which occur are kept open 
(Virchow). 

Besides, a disproportion between the capacity of the bloodvessels and 
the amount of blood has been considered a cause of haemorrhage. 

If at the time of a greater production of blood the vascular system is very small 
and has only a small capacity, the blood-pressure must increase in the aortic sytem, 
not only in the direction of the heart, but it also attains a considerable height in 
peripheral parts. Nearly all cases of haemorrhagic diathesis, or of haemophilia, 
which have been studied in the last ten years have presented this condition of the 
vascular system. The Author considers this explanation admissible in the exces¬ 
sive haemorrhages which occur at the menstrual period in chlorotic girls (Beitr. z. 
Gebrtsh. u. Gyud/c., 1872, I., p. 323). 

Disease of one organ in particular and the haemorrhagic diathesis have 
often been observed together. In these cases the affected organ was the 
heart (fatty degeneration); or a glandular organ (liver, kidneys), by lesion 
of which certain injurious substances were formed in the body, or the ex¬ 
cretion of such substances from the body was prevented. Or there were 
severe diseases of the stomach and intestinal canal, with impeded absorp¬ 
tion of nutritious substances. 

Cases of this kind have been reported by the Author (heart and internal canal), 
by Koppeler (kidneys), by Henoch (intestinal canal). Apart from what has 
already been described (p. 348), I found in a second fatal case of morbus maculosus 
peculiar gangrenous foci in the intestines. Compare Leucocvthannia (p. 545) and 
Icterus (p. 550). 

Diminution of the quantity of fibrin in the blood (hypinosis so-called), 
which has so often been considered as the cause of the haemorrhage, cannot 
be such ; for in tolerably numerous cases of scorbutus, in some fatal cases 
of haemophilia and chlorosis, the blood has been found especially rich in 
fibrin. This condition (hypinosis) may as well be a result of the haemor¬ 
rhage ; and the same is true of the diminished coagulability of the fibrin. 

The increase of red blood-globules in the blood often causes haemorrhage 
in various organs, or haemorrhage (arrested with difficulty) externally after 
injuries (vide p. 545). 

That chemical substances may occasionally be the cause of haemorrhages 
has been certainly demonstrated by numerous experiments on putrid infec¬ 
tion ; but we are not well acquainted either with the nature of the sub¬ 
stances or their mode of action. 

Gaspard (.1 fern, sur Us mat. purulentes et putrides , Journal de Phys ., par Mayen- 
die , 1822, II., p. 1 ; 1824, IV., p. 1) showed by numerous experiments, that the 
introduction of putrid substances into the body, especially in the veins, produced 
hannorrhages in the most various organs, particularly in the intestines, lungs, heart, 
subcutaneous areolar tissue, gall-bladder, intestinal mucous membrane, etc. Sticii 
insists most upon the intestinal haemorrhages. Virchow has confirmed Gasp vim's 
statements by his own experiments. 
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As regards the addition of a number of salts to the blood, Gaspard thinks am¬ 
monia peculiarly efficacious; in favor of this view are some foreign experiences, 
while others are opposed to it. Others blame the accumulation of soda- and potassa- 
salts, etc., because after the continued use of salted food, after the injection of 
carbonates in the blood, haemorrhages appear. G ar rod, on the contrary, considers 
the want of potassa-salts as the cause of the haemorrhagic diathesis. The same is 
true of acids, alcohol, phosphorus. 

O. Web HR Pitha-Billroth, lldh. d. Chir., I., p. 126) observed numerous ecchy- 
moses after the injection of water containing sulphuretted hydrogen. 

Prussak (-Stkicker, Wien. Acad. Sitesber., 1867, LVI.) noticed a copious escape 
of red blood-globules (whole ones as well as pieces) through unaltered bloodvessels in 
frogs, perhaps also in rabbits, which had received injections of large quantities of 
solution of common salt in the blood, or had been placed for a long time in a strong 
solution of the same. Cohniieim (Uliters, ub. d. embol. Process , p. 27) was unable 
to verify this. 

The symptoms of the various affections belonging to this group depend 
chiefly: upon the causal influences as in scorbutus, or upon the primary 
disease as in acute exanthemata; furthermoi’e upon the haemorrhages in 
internal and external parts, and the various local and general disorders 
caused thereby. The latter are more or less referable to general anaemia 
and hydraemia (vide p. 518 and p. 538). As regards the composition of 
secretions in this condition we want exact experiments. 

The explanation of many symptoms is unknown: thus in the case of 
the rheumatic pains which precede these affections; those of scorbutus, 
etc. Usually there is only a small secretion of sweat. In the same way, 
even the post mortem examination does not afford an explanation of the 
severity of the cases (many acute cases of so-called haemorrhagic diathesis). 


Duchek ( Oest. Jahrb., 1861, XVII., p. 39) found that in scorbutus, during the 
increase of the disease, all the constituents of the urine were diminished; potassa 
less so relatively than soda, so that the latter seemed relatively increased. 

Leudesdorh {Med. Centrlz., No. 80 et 82) describes a case of land-scorbutus in 
which the ecchymoses occupied only one-half of the body. 

Garrod places the value of vegetable diet in the contained alkalies. From a 
direct estimation of the amount of potassa in the blood he believes that he has 
demonstrated the diminution of this substance. Still, this may well occur in con¬ 
sequence of diminished supply of food in general. 
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TABLE OF EQUIVALENTS 

OF 

METRIC MEASURES EMPLOYED IN THE WORK. 


MEASURES OF WEIGHT. 

1 Gramme (gr.) = 15.434 Troy grains. 

1 Kilogramme (kil.) = 15,434.023 “ — 2 lb. 8 oz. 1 3 . 14 grains Tr. 


MEASURE OF CAPACITY. 

1 Cubic centimetre (C. cent.) = .061028 cubic inches = 1 gr. of distilled water. 


MEASURES OF LENGTH. 

1 Millimetre (mm.) = 0.03937 inches. [scopists). 

1 Micro-millimetre (mmm., or y ) = 0.0003937 “ (standard adopted by micro- 

1 Centimetre (cent.) = 0.3937 “ 

1 Metre (M.) = 39.3710 “ =1 yd. 3.37 inches. 


THERMOMETER SCALES. 

1 Degree Centigrade (° C.) = 1.8° Fahrt. 

To convert Centigrade into Fahrt. multiply by 1.8 and add 32. 
Normal temperature in axilla = 37 ° C. = 98.6° Fahrt. 


For full tables consult: 

TJ. S. Dispensatory , and Pharmacopoeia of U. S. 
Dunglison, Medical Lexicon , 1874. 

Ii. C. Wood, Treatise on Therapeutics, Phila., 1874. 
E. Seguin, Medical Thermometry , N. Y., 1876. 
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Abscess, metastatic, 2(51. 
from congestion, 2(51. 

Acanthocephali, 122. 

Acaridte, 128. 

Acarin®, 128. 

Acarus folliculornm, 12S. 
scabiei, 128. 

Acetonaemia. 577. 

Achorion Schoenleinii, 98. 

Active hypersemin, symptoms of, 177. 
causes of, 174. 

Addison’s disease, 53(5. 

Adenia, 548. 

Adenoid substance, 439. 

Adenoma, 472. 

carcinomatodes, 493. 
sebaceum, 473. 
of testicles, 476. 
of ovaries, 47(5. 
of the skin, 473. 
sudoriparum, 473. 
of mucous membranes, 474. 
of racemose glands, 475. 
of prostate gland, 475. 
of thyroid gland, 476. 
of the liver, 476. 

./Etiology; 37. 

Age, 43. 

Agony, temperature in, 624. 

Air. movements of, 67. 
moisture of. 63. 
composition of. 63. 
mechanical impurities of, 64. 
chemical impurities of, 65. 
composition of, 65. 
impure, 65. 

Albumen, changes in amount of, 537. 
in sweat, 526. 

Albuminous urine in fever, 644. 

Alopecia circumscripta, 99. 

Ammoniromiu, 575. 

Amoeba, 111. 

Amputation, healing of vessels after, 194. 

Amyloid disease, diagnosis of, 327. 
substance, characters of, 325. 
bodies, 327. 

Amyl nitrite, effects of, 165. 

Anasarca, 225. 

Anaemia, in general, 518. 
acute, 519. 
symptoms of, 519. 
chronic, 52(5. 
symptoms of. 527. 
of inanition, 527. 
local, 165. 
mechanical, 165. 
passive, 165. 
splenic, 548. 

of muscular system, 520. 
of vascular system, 521. 
of nervous system. 520. 
of special senses, 521. 

Anchylostoinum duodenale, 124. 

Aneurism, traumatic, 212. 
miliary, 213. 

Aneurysma anastomoticum, 391. 
cirsoideum, 391. 

Angioma, 389. 

lyrnphaticum, 392. 


Angioma cavernosum, 390. 
capillare, 390. 
varicosum, 390. 

Animal heat, theories of, 653. 
regulation of, 648. 
sources of. 649. 
loss of, 649. 

Annelidie, 127. 

Aplasia, 293. 

Apoplexy, 212. 

Aptera, 130. 

Arachnid®, 127. 

Area Celsi, 99. 

Arteries, action of, 146. 

and veins, communications between, 148. 

Arteritis, syphilitic, 436. 

Arterio-sclerosis, 396. 

Arterial tonus, 162. 

Avgas reflexus, 129. 
persicus, 129. 

Argyria, 316. 

Asci, 85. 

Ascarides, 123. 

Ascaris lumbricoides, 123. 
mystax. 123. 
nlata, 123. 

Arthropathies, nervous, 244. 

Arthropoda, 127. 

Aspergillus glaucum, 87. 

Asphyxia, 567. 

Atheroma, 510. 

Atheromatous ulcer, 336 

Atmosphere, electricity of. 66. 

Atmospheric influences, 55. 
pressure, 55. 

Atrophy, 287. 

quantitative, 287. 

simple, 287, 293. 

qualitative, 287. 

consequences of, 288. 

causes of, 289. 

passive, 289. 

from pressure, 2S9. 

from lessened function, 290. 

from excessive use, 290. 

influence of nerves upon, 291, 292. 

of muscles, 296. 

of exudations, 296. 

of new formations, 297. 

of fatty tissue, 295. 

of gland-cells, 295. 

of bones, 296. 

of hair, 296. 

progressive muscular, 292. 

Atrophied parts, changes in, 295. 

Bacillus subtil is, 93. 
anthracis, 93. 
ulnar, 93. 

Bacteria, classification of, 88. 
description of, 88. 
rod-like, 92. 
filamentous, 92. 
screw, 93. 

in pyaemia, 107, 601. 
in putrefaction, 102. 
in erysipelas, 107. 

Bacterium, 87. 
termo, 92. 
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Bacterium, lineola, 92, 

Balantidium, 112. 

Bed-bugs, 180. 

Bedding, '<5, TO. 

Biliary acids, 554. 
pigment, 553. 

Bilifuscin, 313. 

Bilihumin, 313. 

Biiiprasin, 313. 

Bilirubin, 313. 

Biliverdin, 313. 

Blennorrheea, 252. 

Blood, chemical tests for, 224. 
pathology of, 510. 
altered composition of, 516. 
loss of, 523. 
transfusion of, 525. 
velocity of, 148. 
globules, white, 151. 

contractility of, 152. 
movements of, 153. 
migration of. 154. 
changes in, 51T. 
development of, 524. 

Blood-cysts, 510. 

Blood-pressure, 140, 102. 

Bloodletting, 524. 

Bloodvessels, healing of, 210. 

Bone-marrow, structure of, 443. 

function of, 443. 

Botliriocephalidas, 118. 

Botlmocephalus, 119. 
latus, 119. 
cordatus, 120. 

Boyhood, diseases of, 48. 

Brain, anaemia of, 109. 

compression of, 1T0. 
in sleep, 170. 
in uraemia, 572. 
congestion of, 180. 
circulation in, 157. 

Budding of cells, 858. 

Burns, effects of, 351. 

Cadaveric putrefaction, 23. 
rigidity, 31, 32. 

Calcification, 310. 

characters of, 317. 
physiological, 317. 
pathological, 317. 
genesis of, 318. 

Calculi. 320. 

venous, S20. 
urinary, 321. 
biliary, 321. 
seminal. 322. 

Callus, formation of, 410. 

Cancer, 477. 

synonyms of, 477. 
varieties of, 478. 
seat of, 478. 
hard. 479. 

medullary, 479, 503. 
stroma of, 479, 481. 
juice of, 479. 
cells of, 480. 
melanotic, 480. 
bloodvessels of, 482. 
lymphatics of, 482. 
causes of, 482. 
course of, 483. 
extension of, 482. 
acute, 483. 
influence of, 484. 
epithelial, 485. 
pavement-cell, 486. 
cicatricial, 489. 
cylinder-cell, 490. 
structure of, 491. 
villous, 492. 
glandular-cell, 492. 
metamorphosis of, 494. 
atrophy of, 494. 
cavernous, 494. 
gelatinous, 495. 
colloid, 496. 


Cancer, alveolar, 496. 
ulcerated, 498. 
osteoid, 482. 
cystic. 499. 
endothelial, ‘ 0 (l . 
endothelial, origin of. 500. 
connective tissue. 500. 

Cancroid, 485. 
dry, 490. 

cylinder-epithelial, 490. 
mucous, 469. 

Capillaries, action of, 147. 

new formation of, 376. 
fatty change in, 307. 

Carbonic oxide, poisoning by, 569. 

Carcinoma, 477. 

sarcomatosum, 481. 
myxomatodes, 481. 
teleangiectodes, 482. 
adenoides, 489. 
villosum, 492. 
glandular, 492. 
reticulatum, 494. 
atrophic, 495. 

Carcinosis, acute miliary, 483. 

Caries, 337. 

Cartilaginous tissue, 415. 
regeneration of, 415. 
hypertrophy of, 415. 
tumor of, 415. 

Casts, renal, 335. 

Catarrh, 282. 

“Catching cold.” 61. 

Cauliflower growths, 394. 

Causes, proximate, 38. 
predisposing, 37. 
exciting. 38. 
remote, 38. 

Cell, division of, 358. 
granular, 303. 

Cells, new-fornmtion of, 358. 

Cellular pathologists, 5. 

Centre for vascular nerves, 161. 

Cercomonas, 112. 

Cestoidea. 113. 

Cheesy focus, 454. 

Cheyne-Stokes’ respiration, 522. 

Childhood, diseases of, 47. 

Chill, 610. 

Chlorine in fever, 643. 

Chlorosis, 535. 

tropical. 125. 

Choked disk. 233. 

Cholsemia, 650. 

Cholesterin, 303. 

Cholcsteneinia, 555. 

Cholesteatoma, 511. 

Chromokrinia, 314. 

Chylous blood. 512. 
urine. 224. 

Cicatrix, 380, 381. 

Cicatricial contraction, 381. 

Circulation, collateral, 217. 

local disturbances of, 145. 
in thoracic cavity, 157. 
in cranial cavity, 157. 
in abdominal cavity, 158. 
influence of nerves on, 160. 
modifications of, 149. 

Cirrhosis, 385. 

Civilization, influence of, 82 

Clavus. 468. 

Cleft-fungi, 87. 

Climate. 70. 

Climacteric age, diseases of, 49, 50. 

Clot, 219. 

changes in, 219. 
organization of, 220. 

Clothing, 74. 76. 

mode of protection, 70. 
relative value of, 77, 7S. 

Cloudy swelling, 298. 

Collapse, 611. 

Colloid substance, characters of, 329. 

metamorphosis of bloodvessels, 331. 
metamorphosis of skin, 331. 
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Colloid metamorphosis of muscles, 331. 
metamorphosis of cells, 830. 
metamorphosis of thyroid gland, 330. 
metamorphosis of choroid plexus, 331. 

Colostrum corpuscles, 3(,3. 

Compensations in nervous system, 19. 
in the blood. SO. 
in tissues, 30. 

Complications, 23. 

Concretions, 319. 

arthritic. 319. 

Congestion. 173. 

Conio-mycetes, 86. 

Connective-tissue, structure of, 371. 

tumor, :.<\5. 

Connective tissue cancer, 501. 

origin of, 502. 

Contagions, 130. 

transportation of, 135. 

Contagium, 131. 

nervous. 132. 

Contagion of diphtheria, 134. 
of measles. 134. 

Constitution, anaemic, 53. 
robust, 53. 
irritable, 53. 
indolent, 54. 

Contiguity, extension by, 3. 

Continuity, extension by, 3. 

Convalescence, 19. 

Corns, 408. 

Corpora amylacea, 327. 

Corpuscles of connective tissue, 372. 

Crisis, 10, 002. 

Cupped cells, 333. 

Cure, mode of, 21. 
artificial, 22. 
natural, 22. 

Cryptococcus, 80. 

Cryptogams. 84. 

Cyanosis, 180, 507. 

Cylindroma, 489. 

Cymex lectularius, 130. 

Cystoidete, 118. 

Cystic®, 115. — 

Cystotsenia, 115. 

Cysts, 504. 

origin of, 505, 507. 
from serous sacs, 505. 
closed follicles, 505. 

Graafflan follicles, 506. 
by retention, 506. 
from bloodvessels, 506. 
contents of, 509. j 

changes in, 513. 
from lymphatics, 507. 
from foetal organs, 507. 
from clots, 507. 
from connective tissue, 507. 
from epithelium, 508. 
secondary, 509. 
tertiary, 509. 

Cystoma, 504. 

Cysticercus cellules®, 115, 116. 
tenuicolli, 116. 
tapeworms. 116. 

Cytogenic tissue, 439. 

new-formation of, 440. 
hypertrophy of, 440. 
tissue, heteroplasia of, 443. 

Death, 24. 

phenomena of, 25. 
causes of, 34. 
apparent, 26. 
varieties of, 27. 
diagnosis of, 28, 29, 30. 
sudden, 35. 

Death-rate in various countries, 35. 
in various cities, 35. 

Decidua, 470. 

Defect, 2. 

Defervescence, 622. 

Deformity, 2. 

Degeneration, 2S7, 297. 
lardaceous, 322. 

4G 


Degeneration, amyloid, 322. 
waxy, 322. 

in nervous centres, 294. 

Dendritic vegetations, 396. 

Dental osteoma, 471. 

Dermanyssus avium, 129. 

Dermatophili, 128. 

Dermodex follicutorum, 128. 

Dermoid cysts, 510. 

Dermoid metamorphosis, 467. 

Desmo-bacteria. 92. 

Determination of blood. 173. 

Diabetes, theories of. 579. 
symptoms of, 581. 
lesions of, 5S4. 
mellitus, 578. 
insipidus, 585. 
inositus, 585. 

Diagnosis, 8. 

methods of, 10. 
symptomatic, 8. 
anatomical, 8. 

Diathesis, hamiorrhagic, 214, 702. 

Diphtheria, 267. 

fungi in, 267. 

Diphtheritic membrane, 265. 

locations of. 266. 

Diplosporium fuscum, 100. 

Diptera, 130. 

Disorders, symptomatic, 2. 
chemico-path., 2. 
anat.-path., 2. 
functional, 2. 

Disease, definition of, 1. 
general, 4. 
constitutional, 4. 
latent, 10. 
extension of, 3. 
idiopathic. 2. 
symptomatic, 2. 
local, 3. 
acute, 13. 
chronic, 13. 
febrile, 14. 
non-febrile, 14. 
typical, 14. 
non-typical, 14. 
duration of. 14. 
course of, 14. 
epidemic, 140. 
pandemic, 140. 
endemic, 140. 
infectious, 131. 
contagious, 131. 
miasm itic-contagious, 131. 

Distomum, 120. 

hepatieum, 120. 
lanceolatum, 121. 
crassum, 121. 
ophthal niobium, 121. 
heterophyes, 121. 
hiematobium. 121. 

Dracnnculus oculi, 127. 

Drink, 80. 

Dropsy, 224. 

causes of, 230. 
symptoms of, 236, 237. 
course of, 237. 
termination of, 238. 
false, 227. 
mechanical, 231. 
experimental, 231. 
ex vacuo, 233. 
cachectic, 234. 
of unknown origin, 235. 
liquid of, 228. 

Dust-fungi, 86. 

Dwelling, size of, 72. 
air of, 73. 

Dyscrasi®, 516. 

Dysmenorrhoea membranacea, 471. 

Dyspnoea, 561. 

causes of, 562. 

Echinococcus hominis, 117. 
hydatidosus, 117. 
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Eehinorrhynchus, 122. 

Eczema marginatum, 97. 

Electricity of atmosphere, 06. 
of skin, 66. 

Elephantiasis arabum, 383. 
Grsecorum, 438. 

Embolism, 199. 

symptoms of, 207. 
effects of, 203. 
causes of, 201. 
capillary, 202, 203. 
of cerebral arteries, 208. 
of mesenteric arteries, 208. 
of pulmonary arteries, 208. 
diagnosis of. 210. 
effects of, 205. 

Embolus, 199. 

origin of, 200. 
nature of, 200. 
changes in, 203. 

Emboli, distribution of, 201. 

Emphysema, 2-39. 

diagnosis of, 241. 

Empiricists, 5. 

Encephalitis of the new-born, 306. 

Encephaloid cancer, 503. 

Enchondroma, 415. 
origin of. 417. 
osteoid, 418. 
cystoid, 418. 

Endarteritis, 896. 

Endemics, 143. 

Endogenous cell-formation, 312. 

Enostosis, 412. 

Endothelial cancer, 500. 
origin of, 500. 

Endothelium, new-formation of, 394. 
regeneration of, 895. 
hypertrophy of, 395. 

Entozoa. 109. 

Epidemic constitution, 144. 

Epidemics, characters of, 140. 

Epithelioma, 468, 485. 
origin of, 485. 

Epithelium, tumor of, 468. 
new-formation of. 461. 
regeneration of, 463. 
origin of, 463. 

Epidermis, hypertrophy of, 468. 

Epizoa, 109. 

Erythrasma, 99. 

Exostosis, 412. 

Experimental pathology, 6. 
pyaamia, 599. 
septicaemia, 596. 

Exudation, inflammatory, 247, 256. 
free, 256. 
interstitial, 256. 
parenchymatous, 256. 
serous, 256. 
mucous, 257. 
albuminous, 257. 
fibrinous, 257, 258. 
purulent, 259. 
croupous, 265. 
croupous-diphtheritic, 266. 
haemorrhagic, 269. 

Facies Hippocratica, 25. 

Fastigium, 15, 619. 

Fat, formation of, 301. 

Fatty tissue, 3i)8. 

regeneration of, 399. 
hypertrophy of, 399. 
tumor of, 401. 

Fatty metamorphosis, causes of, 304. 
of organs, 305. 
of connective tissue, 306. 
of cells, 306. 
of ganglion-cells, 307. 
of nerves, 307. 
of vessels, 307. 

Favus, 98. 

Febricula, 17. 

Fever, 602. 

symptoms of, 603, 626. 


Fever, type of, 617. 

continuous, 617. 
remittent, 617. 
intermittent, 617. 
evaporation in, 635. 
urine in, 637. 
urea in. 638. 
uric acid in, 642. 
chlorine in, 643. 
body-weight in, 644. 
pulse in. 628. 
respiration in, 631. 
carbonic acid in, 632. 
digestion in, 633. 
metamorphosis in, 660. 665. 
muscular tissue in, 669. 
traumatic, 671. 
historical sketch of, 684. 
chronic, 17. 
continued, 17. 
remittent, 17. 
intermittent. 17. 
ephemeral, 618. 
initial stage, 619. 
subsidence of, 622. 
in convalescence, 623. 
in the agony, 625. 
in chronic diseases, 625. 
lesions of, 625. 

Fever-curve, 609. 

Fever-heat, 610. 

Fever theory of Hippocrates, 684. 
of Paracelsus. 685. 
of Fernel, 685. 
of Stahl, 685. 
of Boerhaave, 685. 
of Fr. Hoffmann, 685. 
of Cullen, 685. 

Of Pinel, 686. 
of Broussais, 687. 
of Grisolle, 687. 
of SchOnlein. 688. 
of Wunderlich, 688. 
of Henle, 689. 
of Eiseumann, 689. 
of G. Hirsch, 690. 
of Virchow, 090. 
of Claude Bernard, 690. 
of Marey, 691. 
of Samuel, 691. 
of Schiff, 691. 
of Traube, 691. 
of Waehsmuth, 692. 
of Liebermeister. 692, 694. 
of C. 0. Weber, 695. 
of lvlebs, 696. 
of Hueter, 696. 
of Senator, 696. 

Fibrin, composition of. 155. 
properties of, 156. 
changes in, 542. 

Fibrinoplastie. substance of, 155. 

l-’ibrinogenic substance, 155. 

Fibroid, 422. 

Fibroma of skin. 386. 
of nerves, 386. 
in glandular oigans, 386. 
densum, 3*85. 
laxum, 386. 
areclar, 386. 

Fibro-myoma, 422. 

Filaridte, 126. 

Filaria medinensis, 126. 
lentis, 127. 
hominis, 127. 
bronchialis, 127. 

Fits. 17. 

Flagellat®, 112. 

Flat worms, 113. 

Fleas, 130. 

Flies, 130. 

Food, 80, 81. 

Foraminifera, 111. 

Fractures, healing of, 410. 

Freezing, effects of, 343. 

Fruit-filament, 85. 
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Fungi, S I. 

filamentous, 87. 

as exciters of fermentation, 100. 
as causes of disease, 100. 
effects of, on tissues, 1)5. 
in cholera, 108. 
in malignant pustule, 104. 
in diphtheria, 105. 
in pyteinia, 106. 
in puerperal fever, 106. 
on plants, 102. 
on lower animals, 102. 
in pyteinia, 600. 

Gall-stones, 320. 

Ganglia, regeneration of, 425. 

Ganglions, 510. 

Ganglion-cells, fatty change in, 307. 

Gases, intestinal, 240. 
negative, 65. 
irrespirable, 66. 

Gangrene, 336. 

symptoms of, 350. 
course of, 352. 
causes of, 837. 
of the spleen, 103. 
dry, 347. 
soft, 347. 
moist, 348. 
senile, 340. 
symmetrical, 340. 
metastatic, 353. 
emphysematous, 348. 
from chemical action, 344. 
arterial disease, 339. 
venous disease, 340. 
capillary disease, 340. 
from fungi, 345. 

Gangrene-fever, 351. 

Gastric juice in fever, 634. 
ulcer, 339. 

Genius epidemicus, 144. 

Genu valgum, 412. 

Geophagia, 125. 

Germ-fungi, 86. 

Giant-cells, 359. 

Girlhood, diseases of, 49. 

Glioma, 397. 

Glio-sarcoma, 432. 

Globular bacteria, 89. 

Glycosuria, 578. 

Goitre, 330. 

Gout, 577. 

Gouty deposits, 319. 

Granulations, 379. 

exuberant, 381. 
erethistic, 381. 

Gregarinas, 112. 

Gummy tumor, 434. 

Gymno-mycetes, 86. 

H abits, transmission of, 43. 

Habitus, 54, 

H.'ematocrystullin, 310. 

Hsematin, 310. 

Hiematoidin, 309. 

crystalline, 310. 
origin of, 310. 

HcCmatoin, 310. 

Hiematoma, 218. 

Hasmococci, 518. 

Haemoglobin, 310 

changes in amount of, 537. 

Haemopathology, 516. 

Haemophilia, 703. 

Hamiorrhage, 210. 
cardiac, 210. 
arterial, 210. 
venous, 210. 
capillary, 210. 
parenchymatous, 210. 
vicarious, 214. 
collateral, 214. 
per rhexin, 21(1. 
per diapedisin. 211. 
per anastomosin, 211. 


Haemorrhage, in chlorosis, 213. 

parenchymatous secondary, 213. 
spontaneous arrest of, 115. 
causes of, 212. 
symptoms of, 221. 
diagnosis of, 224. 

Hremorrhagic diathesis, 703. 

Hay-fever vibriones, 101. 

Healing, by scabbing, 381. 

in non-vascular parts, 377. 
in vascular parts, 378. 
by first intention, 378. 
by immediate union, 378. 
by second intention, 379. 

Health, 1. 

Health-resorts, 72. 

Heart, action of, 145, 146. 
anaemia of, 168. 
fatty, 305. 

Heat stroke, artificial, 59. 

Hemiatrophia facialis, 292. 

Hemiptera, 130. 

Herpes tonsurans, 97. 

Heterochronia, 5, 355. 

Heteroplasia, 354. 

of connective tissue, 427. 

Heterotopia, 5, 355. 

of nervous substance, 427. 

Heterotricha, 112. 

Hexapodae, 129. 

Hirudo medicinalis, 127. 

Homoeoplasia, 354. 

Horns, cutaneous, 893. 

Hospital gangrene, 346, 349. 

Humoralists, 5. 

Hydraemia, 524, 541. 

Hydrothionaemia, 576. 

Hygiene, 37. 

Hypalbuminosis, 538. 

Hyper® mia, 172. 

post-mortem evidence of, 172. 

active, 173. 

functional, 173. 

collateral, 166, 167. 

passive, 183. 

mechanical, 183. 

venous, 183. 

direct neuralgic, 175. 

reflex neuralgic, 176. 

temperature in, 179. 

Hyperalbuminosis, 539. 

Hyperinosis, 543. 

Hyperostosis, 412. 

Hypertrophy, 353, 355. 

Hypertrophy of connective tissue, 382. 
of the skin, 383. 
of mucous membranes, 384. 
of fibrous membranes, 384. 
of vascular membranes, 384. 
of lymph glands, 441. 
of solitary follicles, 442. 
of spleen, 442. 
of tonsils, 442. 
of conjunctiva, 442. 
of red bone-marrow, 443. 
of epidermis, 468. 
of mucous membranes, 469. 
of gland-cells, 469. 
of mucous glands, 469. 

Hyphomycetes, 87. 

Hypoplasia, 535. 

IchorrHjEmia, 587. 

Icterus, 550. 

symptoms of, 555. 
mechanical, 551. 
by absorption, 551. 
by suppression, 557. 
chemical, 556. 
haematogenic, 556. 

Ichthyosis, 468. 

Idiosyncrasy, 39. 

Impressions, maternal, 42. 

Inanition, complete in animals, 528. 
incomplete in animals, 530. 
in man, 533. 
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Inanition, in fever, 533. 

Incubation, stage of, 137. 
duration of, 137. 

Indisposition, 2. 

Induration, inflammatory, 261. 

Infarctions, haemorrhagic, 218. 

Infarcttis, haemorrhagic, 204. 

Infection, 131. 

event of, 137. 

Infecting agent, 133. 

Infiltration, 287, 297. 
albuminous, 298. 
fatty, 300, 301. 
pigmentary, 309. 
serous, 334. 

Inflammation, 241. 

local temperature in. 274. 
phenomena of, 252, 255, 270. 
characters of, 242. 
progress of, 243. 
causes of, 243. 
results of, 271. 
symptoms of, 273. 
termination of, 275. 
division of, 277. 
influence of nerves on, 244. 
adynamic, 286. 
specific, 286. 
sthenic, 286. 
asthenic, 286. 
hyperasthenic, 280. 
phagedronic, 285. 
cheesy, 285. 
tuberculous, 285. 
ulcerative, 283. 
productive, 283, 284. 
degenerative, 284. 
gangrenous, 285. 
purulent, 281. 
catarrhal, 282. 
exudative, 279. 
desquamative, 280 
mucous, 281. 
croupous, 281. 
dyscrasic, 278. 
metastatic, 278. 
rheumatic, 278. 
hypostatic, 278. 
congestive, 279. 
traumatic, 277. 
toxic, 277. 
parasitic, 277. 
adhesive, 270. 
tuberculous, 450. 
vessels in, 246. 
white corpuscles in, 246. 
in cornea, 251. 
theories of, 24S, 253. 
experimental, 245. 

Infusoria, 111. 

Inheritance, 39. 

Inoculation, 137. 

of tubercles. 455. 
syphilitic, 138. 

Inopexia, 543. 

Insects, 129. 

Ischaemia, 165. 

causes of, 165. 
mechanical, 165. 
spasmodic, 166. 
idiopathic, 166. 
arterial, 166. 
symptoms of, 167. 
duration of, 167. 

Itch mite, 128. 

Ixod:e, 129. 

Ixodes, ricinus, 129. 

marginatus, 129. 
americanus humanus, 129. 

Jatjndice, 550. 

Keloid, 383. 

Keratitis, experimental, 251, 

Keratosis, 468. 

Kidneys, anaemia of, 171. 


Lardaceous degeneration, characters of, 323. 
of arteries, 324. 
reaction of, 324. 

Leech, 127. 

Lepra, 438. 

anmsthetica. 439. 
tuberculosa, 439. 

Leprosy, 438. 

Leptothrix buccalis, 93. 

Leptus autumnalis, 129. 

Leucocytes, 151. 

contractility of, 152. 
movements of, 153. 
migration of, 154. 
changes in, 517. 

Leucocytha-mia. 545. 
transitory, 545. 
symptomatic. 545. 
essential, 546. 
chronic, 546. 
splenic, 547. 
lymphatic, 547. 
myelogenic, 547. 
state of blood in, 516. 

Leucocythsemic new-formation, 460. 

Lice, 130. 

Life, periods of, 43. 

Light, effects of, 67. 

Lipoma, 401. 

Liuguatulidae, 127. 

Liver, acute yellow atrophy of, 291. 
fatty, 301. 

Liver-fluke, 120. 

Loss of heat by radiation, 75. 
conduction, 75. 
evaporation, 75. 

Lucilia hominivorax, 130. 

Lungs, congestion of, 181. 

Lung-stones, 320. 

Lupus, 437. 

exedens, 438. 
rodens, 438. 
esthiomcnos, 438. 
non-cxedens, 438. 
syphilitic, 438. 

Lymph, flow of, 151. 
quantity of, 150. 
loss of, 526. 

Lymphangioma, 392. 

Lymphatic new-formation, 459. 

Lymphatics, structure of, 150. 
origin of, 150. 
functions of, 151. 
in inflammation, 255. 
thrombosis of, 197. 
new-formation of, 376. 

Lymphoma, 459. 

origin of, 460. 

Lympho-sareoina, 503. 

Lymphorrhagia, 224. 

Lysis, 16, 622. 

Malformations, 43. 

Marasmus, 697. 
senile, 698. 

nervous system In, 700. 
genital organs in, 700. 
bones in. 701. 
skin in, 701. 
from disease, 702. 
heart in, 698. 
bloodvessels in, 698. 
blood in. 698. 
respiratory organs in. 699. 
digestive organs in. 699. 
urinary apparatus, 700. 

Marriage, influence of, S3. 

Mature age, diseases of, 49. 

Measles in Faroe Islands, 137. 

Medical geography, 71. 

Medicine, anatomical, 5. 
physiological, 5. 

Melanaimia. 549. 

Melanin, 310. 

Melanosis, 309. 

Mcliena, 212. 
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Mellituria, 578. 

Mentagra, 87. 

Metamorphoses, 207. 353. 

Metamorphosis, 309. 
colloid, 329. 
croupous, 335. 
mucous, 332. 
fatty. 301. 

Metastasis, 23. 

Miasmata, 130. 

Micrococcus, 87, 90. 
varieties of, 90. 
urea:, 91. 

diphtheriticus, 91. 
septicus, 91. 
vaccina:, 91. 

Micro-bacteria, 92. 

Mierosporon audouini. 98. 
minutissimum, 99. 
furfur, 99. 
septicum, 91. 

Miescherian pouches. 112. 

Migration theory, 249, 250. 

Mites, 12S. 

Monadina, 112. 

Monostomum lentis, 122. 

Morbility. 44. 

Morbus maculosus, 703. 

Mortality, 44. 

tables of, 45. 

Mortification, 336. 

Mother-cells, 359. 

Mould-diseases, 95. 

Mould-fungi, 87. 

Mucor mucedo, 87. 
racemosus, 87. 

Mucous bursa:. 396. 
tissue, 372. 

metamorphosis of cells, 332. 

of cartilage, 333. 

Mummification. 342. 

Musca vomitoria, 130. 
domestica, 130. 

Muscles, antemia of, 168. 
fatty change of, 304. 

Mycelium, 85. 

Mycoderma, 86. 

Mycosis intestinalis, 104. 

Mycrocythmmia, 518. 

Mycrococcus, 86. 
vini, 86. 
aceti, 86. 

Myelin, 328,329. 

Myelo-plaxes, 359. 

Mykoses, 95. 

Myoma, 422. 

cavernosum, 422. 
strio-cellulare, 420. 

Myo-sarcoma. 420. 

Myositis ossificans, 413. 

Myxoma, 387. 

of cerebellum, 389. 
of thyroid gland. 389. 
cartilagineum. 388. 
heteroplastic. 388. 
of the placenta, 388. 
of mamma, 388. 
fibrosum, 388. 
hyalinum, 388. 
medullary. 388. 
teleangiectodes, 388. 
lipomatodes, 388. 

Necrosis, 337. 

embolic, 339. 
thrombotic, 339. 

Nerves, dilator, 163. 
cardiac, 160. 
depressor, 160. 
vaso-motor, 161. 
degeneration of, 423 
regeneration of, 423. 
fatty change in, 307. 
hypertrophy of, 426. 

Nerve-tissue, new-formation of, 422. 

Nematelmia, 122. 


Nematodes. 122. 

Neuroglia, 396. 

hypertrophy of, 397. 
tumor of, 387. 

Neuroma, 426. 

myelinicum, 426. 
amyelinicum. 426. 

Neuro-pathologists, 5. 

New-formations, classifications of, 370. 
causes of, 367. 
homologous, 354. 
heterologous, 354. 
combined, 514. 
secondary', 366. 

New-formation of connective tissue, 371. 
of vessels, 374. 
of endothelium, 394. 
of neuroglia, 396. 
of fatty tissue, 398. 
of elastic tissue, 403. 
of osseous tissue, 404. 
of cartilaginous tissue, 414. 
of muscular tissue, 418. 
of nervous tissue, 422. 
of connective tissue. 427. 
of cytogenic tissue, 439. 
lymphatic, 459. 
of true epithelium, 461. 
of epithelium alone, 462. 
of skin, 470. 

of mucous membrane, 470. 
of skin and glands, 471. 
of dentine, 471. 
of glandular tissue, 472. 

Nosology, 1. 

Nursing age, diseases of, 46. 

Nutrition, imperfect, 287. 

general disturbances of, 286. 

Obesity, 400. 

Occupation, effects of, 81. 

Odontoma, 471. 

(Edema, 225. 

trichinous, 235. 
fugax, 235. 
collateral, 232. 

(Edematous parts, state of, 226. 

(Estrus liominis. 130. 

Oldium albicans, 99. 
lactis, 86. 

Old age, diseases of, 50, 

Oligcemia, 519. 

Onychomycosis, 98. 

Ophthalmia, sympathetic, 4. 

Optic nerve, engorgement of, 233. 

Osseous tissue, structure of, 404. 
development of, 405, 407. 
growth of, 408. 
regeneration of, 409. 
hypertrophy of, 412. 
tumor of, 412. 

Osteoclasts. 359. 

Osteoma, 412. 

spongiosum, 413. 
myeloides, 413. 
heteroplastic, 413. 

Osteophyte, 412. 

Othaematoma, 218. 

Ovary', cysts of, 506, 508. 

dermoid tumors of, 508. 

Oxyuris vermicularis, 123, 124. 

Ozone, 66. 

Pachydermia, 383. 

Papilloma, 392. 

formation of, 393. 

Paralysis, ischaemic, 170. 

pseudo-hypertrophic, 399. 
peripheral, 292. 
spinal, 292. 

Parasites, 83. 

animal, 109. 
vegetable, 84. 
bibliography of, 83. 

Paroxysm, 17. 
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Passive hypersemia, causes of, 183. 
symptoms, 185. 

Pathological anatomy, 7. 
chemistry. 7 . 
cells, characters of, 350. 

Pathognomic symptom, 8. 

negative, 8. 

Pearly sickness, 457. 

Pediculus capitis, 130. 
pubis, ISO. 
vestimenti, 130. 

Peliosis rheumatica, 703. 

Penicillium glaucuin, 87. 

Penstatomum taenioides, 128. 
denticulatum, 128. 

Periosteum, function of, 406. 

Perspiration in fever, 036. 

Petechias 212. 

Petrifaction, 310. 

Pentastomidse, 127. 

Phagedasna, 337. 

Phosphorus, poisoning by, 305. 

Phthiriasis, 130. 

Phthirius inguinalis. 130. 

Phthisis calculosa. 320. 

Phyto-parasites. 84. 

Pigmentation, physiological, 314. 
pathological. 314. 
of cells, 312. 
of skin, 314. 

of serous membranes, 315. 
of mucous membranes, 315. 

Pityriasis rubra, 09. 

Platodes, 113. 

Plethora, 543. 

apoeoptica, 545. 

Pneumatosis, 39. 

Pneumonia, catarrhal, 283. 

Pneumonokoniosis anthracotica, 64. 

Pneumonomycosis sarcinica, i)4. 

Podagra, 577. 

Polyhaunia, 544. 

Polypus, mucous, 474. 
vesicular, 474. 

Polycythcemia rubra, 543. 

Polysarcia, 400. 

Porrigo decalvans, 99. 

Predisposition, 21. 

Process, atheromatous, 336. 
heterotopic, 5. 
heterochronic, 5. 

Prodromata, 15. 

Prognosis, 13. 

Progressive muscular atrophy, 292. 

Prophylaxis, 37. 

Proliferation, theory of, 248. 

Protozoa, 111. 

Psorospenniae, 112. 

l’seudo-leucocythtemia, 548. 

Pseudo-melanfemia, 550. 

Pseudo-parasites, 84. 

Psammoma, 433. 

Puerperal fever, 592. 
nature of, 598. 

Pulex irritans, 130. 

penetrans, 130. . 

Pulse in fever, 628. 

Pus. 259. 

Pus-corpuscles. 269. 
origin of, 247. 

Pus, orig.n of. 261. 

resorption of, 263. 
changes in. 263. 
specific, 260. 
colored, 260. 

Pus-serum, 259. 

Putrefaction, 348. 

Putrid infection, 587. 

Pyaemia, 585. 

proper, 588. 
experimental, 5519. 
septic, 587. 
embolic, 588. 
lesions of, 589. 590. 
symptoms of. 590. 
theory of, 592. 


Pyaemia, fungi in, 000. 

Rationalists, 5. 

Recovery, 18. 

Refrigeration, 61. 

explanation of. 62. 

Regeneration. 351, 353. 

of laminated epithelium, 466. 
of nails, 467. 
of hair, -'67. 
of crystalline lens, 467. 
of gland-cells, 467. 
of animal heat. 651. 

Relatives, intermarriage of, 41. 

Repair, 376. 

Respiration in fever. 631. 

Retinitis leucocythamiica, 548. 

Retrograde metamorphosis, 287. 

Rhabdo-myoma, 420. 

Rhinoscleroma, 384. 

Rhizopoda, 111. 

Rhythm, quotidian, 17. 
tertian, 17. 
quartan, 17. 

Rigidity, post mortem, 31. 

Rigor mortis, 31. 

Rise of temperature, causes of. 002. 

Round worms, 122. 

Saccharomycf-s, 86. 

Saliva in fever, 635. 

Sand-tumor, 433. 

Sarcina ventriculi, 94. 

Sarcode, 111. 

Sarcoma. 427. 

cells of, 427. 
reticular cell. 428. 
carciuomatosum, 515. 
acute. 433. 
aiigiollthic, 433. 
medullare. 432. 
giant-cell, 480. 
lymphoid. 430. 
alveolar. 430. 
myxomatous. 430. 
carcinomatodes, 430. 
spindle cell. 428. 
trabecular, 429. 
round cell, 429. 
small cell, 429. 
large cell, 429. 
teleangiectodes, 430. 

Sarcophagi. ISO. 

Sarcoptes scabiei, 128. 

Schizomycetes, 87. 

Scirrhus, 495. 

Scorbutus, 708. 

Scrofulosis, 444, 457. 

symptoms of, 458. 
nature of, 458. 

Seasons, 00. 61. 

Secondary affections, 23. 

Sepsis, 348. 

Sepsin. sulphate of, 598. 

Septicaemia, 587. 

experimental. 596. 

Septicreinic fever, 674. 

Septic substances. 597. 

Septico-pysemia, 585. 

Sequestrum, 337. 

Serous infiltration of cells, 334. 
of skin. 334. 

Sex. influence of, 50. 

Sexes, mortality of, 52. 
peculiarities of, 51. 

Sickness, 1. 

Skin, anaemia of. 167. 

congestion of, 181. 

Slough. 337. 

Smooth muscles, new-fornmtion of, 420. 
hypertrophy of, 420. 
tumor of, 422. 

Softening, 288. 

Soil, influence of, 68. 

composition of. 69. 
spread of disease by, 69, 70. 
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Soiidists, 5. 

Spedalsked. 43S. 

S; i hero-bacteria, 89. 

. Sphaoelus. 348. 

Sphygmographio trace in fever, 630. 

Spinal cord, aniemia of, 110. 
congestion of, 18i. 

Spirillum. 93. 

Spiro-b.ictena. 93. 

Spirochteta. 93. 

8ple.-n extirpation of, 524. 

Splenic amentia, 548. 

leucocythiemia. 54?. 

Spores. 85. 

structure of, 85. 
distribution of, 85. 

Stage of decrease, 16. 
of invasion. 15. 
of highest intensity, 15. 
pyrogenetic, 15. 

Stasis, 341.' 

Steatoma, 402. 

Still-births. 44. 

Strongyloidca, 123. 

Strongylus duodenalis, 124. 
gigas, 124. 
lougevaginatus, 124. 
armatus. 124. 

Striated muscle, hypertrophy of, 419. 
tumor of, 420. 
new-formation of, 418. 
regeneration of. 418. 

Struma lymphatica, 330. 

Sucker-worms. 120. 

Suffocation, 557. 

causes of. 558. 
state of blood in, 560. 
lesions in, 569. 

Suppuration, superficial, 260. 
parenchymatous, 260. 

Swarm-spores, 85. 

Sycosis, 97. 

Syphilis by vaccination, 138. 
of arteries, 436. 
of nails, 436. 
of bones, 436. 
of placenta, 437. 

Syphiloma, 434. 

Symptomatology, 8. 

Svmptoms direct, 8. 
indirect, S. 
functional, 9. 
statical. 9. 
persistent, 9. 
intercurrent, 9. 
objective, 9. 
subjective, 9. 
physical, 9. 

T.uxioid.e, 115. : 

Tajnia solium, 115. 

mediocanellata, 116. 
marginata. 116. 
aeanthotrias, 116. 
echinococcus, 117. 
nana, 118. 
tlavo-punctata, 118. 
elliptica, 118. 

Tapeworms, 113. 

Tapeworm, common, 118. 
characters of, 113. 
vesicular, 113. 

Teleangiectasia, 390. 

Temperament, 54, 55. 

Temperature, 57. 

local effects of, 57. 
general effects of, 58. 
normal, 605. 
normal variations. 606. 
in chill, 610. 
locally' increased, 612. 
generally increased, 612. 
maximum, 613. 
subnormal, 613. 
super-normal, 613. 
high-normal, 613. 


| Temperature, hyperpyretic, 614. 
in children, 014. 
in aged persons, 615. 
ascension of, 615. 
exacerbation of, 615.] 
daily maximum, 615. 
descension. 615. 
remission, 615. 
daily difference, 617. 
diminution in whole body, 682. 
in anremia, 521. 

in injuries to nervous system, 676. 

in septicaemia, 588, 673. 

in pymmia, 590, 673. 

in spasms, 670. 

in suffocation. 565. 

in uraemia, 575. 

post mortem, 680. 

Thallus, 84. 85. 

Therapeutics, 37. 

Theories of fever, 684. 

Thread-worms, 122. 

Thrombosis, 189. 

causes of. 193. 
symptoms of, 197. 

Thrombus. 189. 

autochthonous, 189. 

primitive, 189. 

progressive. 190. 

structure of, 190. 

softening of, 191. 

organization of, 191. 

canalisation of, 192. 

calcareous transformation of, 193. 

traumatic. 193. 

resorption of, 193. 

Thrush-fungus, 99. 

Ticks, 129. 

Tinea favosa, 98. 

Torula cerevisiae, 86. 

Transformation of tissues, 362. 

Transplantation of skin, 165. 

Transudates. 230. 

Transudation, 227. 

Trematodes, 120. 

Tricocephalus dispar, 125. 

Trichina spiralis, 125. 

Trichomonas, 113. 

Tricophyton tonsurans, 97.] 

Trichotrachelidse, 125. 

Trombididae, 129. 

Tropho-neurose., 292. 

Tubercle. 444. 

seat of, 451. 
primary. 451. 
secondary, 451. 
structure of, 445. 
miliary, 445. 
origin of, 448. 
inoculation of, 455. 
gray, 445. 
yellow, 446. 
fibrous, 446. 
fatty change in, 446. 
of choroid. 451. 
of bone-marrow, 452. 
of blood-coagula, 452. 

Tuberculosis, 4-14. 
acute, 452. 
subacute, 452. 
chronic, 452. 
by infection, 455. 
causes, 453. 

geographical distribution. 453. 
nature of, 454. 

Tuberculous ulcer, 447. 
cavity, 147. 

Tumors. 353. 

effects of, 364. 
general character of, 355. 
mode of growth, 362. 
nutrition of. 362. 
atrophy of, 363. 
inoculation of. 369. 
classification of, 370. 
cavernous, 390, 391. 
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Tumors, encysted, 504. 
fibroid. 385. 
iibro-plastic, 438. 
myelo-plastic, 430. 
gummy. 434. 
mixed, 514. 
plexiform. 515. 
papillary. 592. 
villous. 392. 
vascular, 389. ~ ' 

of connective tissue. 385. 
of mucous tissue, 387. 

Type of disease, 16. 

Typhoid fever, mode of spreading, 132. 

Ulceus, 283. 

Ulcus phagedaenicum, 499. 

Union, immediate. 378. 
definitive, 379. 

Uraemia, 570. 

theories of, 571. 
causes of, 573. 
symptoms of, 574. 

Urea in fever, 638. 

in inanition, 529, 534. 

Uric acid dyscrasia, 577. 
in fever, 642. 

Urine, extravasation of, 345. 
in fever, (i37. 
in suffocation, 566. 

Uterine mucous membrane, changes in, 470. 
after parturition, 195. 

Vaccination. 138. 

Vagus, excitation of, ICO, 


Vagus, effects of digitalis on, 160. 

Varix arterinlis, 391. 

Vaso-motor nerves, 161, 163. 

centre, 161. 

Veins, action of, 146. 

Vermes. 113. 

Vessels, new-fonnation of, 374. 

Virus, 131. 

Vibrios, 93. 

Vitiligoidea, 402. 

Warts. 393. 

Waste in fever, 646. 

Water, underground, 68. 
of marshes, 69. 

of the blood, changes in amount of, 510. 
Winds. 67. 

Worms, general characters of, 113. 

Wounds, healing of, 377. 

XANTnOMA, 402. 

Xanthelasma, 402. 

Yeast of beer, 86. 
of wine, S6. 
of vinegar, 86. 
of milk, 86. 
fungi, 86. 

Zoogloae. 88. 

Zoogloa capillorum, 99. 

Zooparasites. 109. 

effects of, 110. 
symptoms of, 111. 

Zoospores. 85. 
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BOURGERY & JACOB’S ANATOMICAL PLATES. Twenty- 

in set. Figure, three feet long, beautifully colored ; mounted on rollers 
Price per set, $50.00. Sold separately, each $3.00. 

The following are the subjects and arrangements of the plates :— 


OSTEOLOGY AND SYNDESMOLOGY. 

Plate I.—Anterior plane. Right Side: The Dry Bones. 
Left Side: The bones clothed with their ligaments. Plate 
II.—Posterior plane. The same arrangement. 

MYOLOGY AND APONEUROLOGY. 

Plate III.—Anterior plane. Right side: Superficial 
Muscles. Leftside: Superficial aponeuroses. Plate IV. 
—Anterior plane. Right side: Muscles of the second 
layer. Left side: Muscles of the third layer. Plate V. 
—Posterior plane. Right side : Superficial Muscles. Left 
side: Superficial aponeuroses. Plate VI.—Posterior plane. 
Second and third layer of muscles. Plate VII.—Lateral 
plane. Superficial and deep muscles. Muscles of the os 
hyoides. Plate VIII.—Diaphragm. Interior of the trunk, 
muscles of the lower jaw, of the tongue, velum palati, and 
of the pharynx. 

ANGIOLOGY. 

Heart, lungs, arteries , veins, and lymphatics. On the 
different figures are indicated the points at which 
compression on the ligature of the vessels is effected, 
and in regard to the veins in particular, the proper 
points for performing venesection. 


Plate IX.—Interior of the trunk. Heart, lungs, and 
their envelopes. Large vessels. Plate X.—Vessels of the 
thorax and abdomen, azygos vessels, cerebral and spinal 
venous sinuses. Plate XL—Anterior plane. Sub-cuta¬ 
neous vein, and deep vessels. Plate XII.—Posterior plane. 
Superficial veins, and deep vessels. Plate XIII.—Lateral 
plane. Partial figures, internal maxillary and internal 
carotid vessels, &c. Plate XIV.—Lymphatic vessels. 

NEUROLOGY. 

Plate XV.—Anterior plane. Encephalic nerves. Nerves 
of the extremities. Plate XVI.—Posterior plane. Studies 
of the ganglions and their nerves. Studies of the fifth and 
seventh cerebral pairs. Plate XVII.—Brain, Spinal marrow, 
and envelopes. Organs of the senses. Larynx. 

DIGESTIVE APPARATUS. 

I Plate XVIII.—Alimentary canal, stomach, intestines, 
chyliferous vessels, peritonaeum. Plate XIX.—Stomach, 
liver, pancreas, spleen, kidneys, supra-renal capsules, blad¬ 
der. Abdominal venous system. Great sympathetic and 
.pneumogastric nerves. Plate XX.—Complete study of the 
perinaeum in both sexes. Male and female organs of re¬ 
production. Embryotomy. 


LAMBERT’S ANATOMICAL PLATES. Six in set. Figures 

three feet long, handsomely colored, mounted on rollers. Price $15.00 ; 
or in sheets, $9.00. 

The following are the subjects of the plates:— 


Plate I. Anterior plane of the skeleton, showing the liga¬ 
ments en the left side and large arteries of arm and leg. 

Plate II. Lateral plane. Superficial and deep muscles. 
Muscles of the os hyoides. 

Plate III. Posterior plane. Studies of the ganglions and 
their nerves. Studies of the fifth and seventh cerebral pairs. 


Plate IV. Physics of light and vision. 

Plate V. Anterior plane. Sub-cutaneous veins, and deep 
vessels. 

Plate VI. Trunk, front walls removed, showing thoracic 
and abdominal viscera. Diaphragm. Horizontal section of 
lungs and heart. Perpendicular do. 


THE DUBLIN DISSECTOR; Or, Manual of Anatomy. 

Comprising a Description of the Bones, Muscles, Vessels, Nerves, and 
Viscera; also, the Relative Anatomy of the different Regions of the 
Human Body, with the Elements of Pathology. By Robt. HARRISON, 
M.D., M.R.S.A., Professor of Anatomy and Surgery in the University 
of Dublin, etc. Third edition. With Additions by ROBERT Watts, 
Jr., M.D., Professor of Anatomy in College of Physicians and Surgeons, 
New York. 

In one royal duodecimo volume, strongly and handsomely bound in leather. Price $2.00. 

THE ANATOMY, PHYSIOLOGY, AND PATHOLOGY OF 

THE HUMAN TEETH ; with the most improved methods of Treat¬ 
ment, including Operations, and the method of making and setting 
Artificial Teeth. By Paul B. Goddard, M.D., M.A.N.S., M.A.P.S. 
Demonstrator of Anatomy in the University of Pennsylvania, aided in 
the practical part by JOSEPH E. PARKER, Dentist. 

In one large quarto volume, handsomely bound in muslin. Illustrated by thirty lithographic plates 

containing many hundred figures. Price $ 3 . 75 . 

“The account of the structure of the teeth is a very valu- I views of their microscopic structure.”— American JournaX 
able one, and is illustrated by some remarkably well-executed | of Medical Science. 

CODE OF MEDICAL ETHICS Adopted by the American 
Medical Association. (Revised to date.) 

A very neat little 32mo book, in flexible muslin binding. Price 40 cents. 
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ILLUSTRATIONS OF THE MICROSCOPIC ANATOMY 
of the Human Body in Health and Disease. By Arthur Hill 
Hassall, M.B., Fellow of the Royal Linnean Society; M.R.C.S. of 
England ; One of the Council of the London Botanical Society; Cor¬ 
responding Member of the Dublin Natural History Society, etc. With 
additions by Henry Van Arsdale. 


In one Octavo Volume, illustrated with seventy- 

Price 

“ We are more than delighted—we are enraptured, with 
this truly superb work. Seventy-six plates, with an average 
of six figures to each, making an aggregate of nearly five 
hundred microscopic pictures of as many different objects, 
attest the magnitude and compass of the volume. And when 
we say in addition that the lithography is executed in the first 
style of art, that the coloring is neatly and beautifully done, 
and that the presswork and paper are without fault or blem- 


six Plates, part colored, bound in half morocco. 
$ 6 .oc. 

ish, it must be regarded as by far the most valuable contribu¬ 
tion ever made to this department of science. Whilst it is 
indispensable to every practical microscopist, whether student 
or adept, there is no professional or scientific man, no indi¬ 
vidual of scientific taste, but will find it a rich mine of pleasure 
and profit. It should go with every microscope, and it 
should go into every library where there is no microscope.” 
—Pacific Medical and Surgical Journal. 


A MAGNIFICENT WORK.—FOURTH EDITION. 


A SERIES OF ANATOMICAL PLATES, with References and 

Physiological Comments, illustrating the Structure of the Different Parts 
of the Human Body. By JONES QUAIN, M.D., Professor of Anatomy 
and Physiology in the University of London ; and W. J. E. WlLSON, 
M.D., Lecturer on Practical and Surgical Anatomy and Physiology. 
Revised, with additional Notes, by JOSEPH PANCOAST, M.D., Professor 
of General, Descriptive, and Surgical Anatomy in Jefferson Medical 
College, of Philadelphia, Pa.; Lecturer on Clinical Surgery at the 
Philadelphia Hospital. 

In one superb Quarto Volume, illustrated by two hundred finely executed Lithographic Plates, strongly 
and handsomely bound in half morocco, raised bands. Price $ 20 . 00 . 


The Publishers have no hesitation in saying that this is by 
far the most complete set of Anatomical Plates ever issued 
in America, while their beauty and fidelity to nature, and 
the very low prices at which they are offered, render them 
invaluable and within the reach of every professional man. 
The fact that Four Editions of so large a work have been 
sold is an evidence of the estimation in which it is held. 


THE PRINCIPAL FORMS 


r to 



Foreshortened view of the Skeleton of a Whale, showing its 
relative size to Man. 


“ The text and plates both being excellent, the book is a 
treasure indeed. ”— Boston Med. and Surg. Journal. 

“ Much superior as a system to any that have been hitherto 
published in this country.”— Medico-Ckir. Reviesu. 

‘‘The plates are for the most part exceedingly well exe¬ 
cuted. It is the cheapest work of the kind ever published 
in this country.”— American Journal of Medical Science. 


OF THE SKELETON AND 

TEETH ; as a Basis for a System of 
Natural History and Comparative 
Anatomy. By RICHARD Owen. 

With twenty-six illustrations. In one i 2 mo 
volume, bound in cloth. Price 75 cents. 


THE ANATOMICAL REMEMBRANCER; Or, Complete 

POCKET Anatomist ; containing a concise description of the Structure 
of the Human Body. With Corrections and Additions by C. E. ISAACS, 
M.D., Demonstrator of Anatomy in the University of New York. 

i 8 mo, extra muslin. Price $ 1.00 


"It is anatomy—clear, correct, and practical—in a nut¬ 
shell.”— Nelson's Am. Lancet. 

“ A very complete and convenient little book for the use 
of students in the dissecting-room .”—Southern Medical 
and Surgical Journal. 


“ A valuable little companion for the student of anatomy, 
or for any persons who may be preparing themselves for an 
examination .”—Western Lancet. 
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A MANUAL OF HISTOLOGY. By Prof. S. Stricker, of 

Vienna, Austria ; in co-operation with Th. MEYNERT, F. Von RECK¬ 
LINGHAUSEN, Max Sciiultze, W. Waldeyer, and others Translated 
by Henry Power, of London ; James J. Putnam and J. Orne Green, 
of Boston ; Henry C. Eno, Thomas E. Satterthwaite, Edward 
C. Seguin, Lucius D. Bulkley, Edward L. Keyes, and Francis 
E. Delafield, of New York. American Translation Edited by 
Albert H. Buck, Assistant Aural Surgeon to the New York Eye 
and Ear Infirmary. 



Transverse section of the Spinal Cord of a child six months old, in the middle of the lumbar enlargement. 

A most superb Octavo volume of over noo pages, with four hundred and thirty-one illustrations on 
wood, engraved in the finest style. Richly bound in extra muslin and in the best leather. Price in 
muslin, $ro.oo; leather, $11.00. 

NOTICES OF THE PRESS. 


"At once the most extended and valuable treatise on • 
Histology which has yet appeared.— Am. Journal of 
Medical Sciences. 

“ The translation of Mr. Power covers 406 pages of the 
present edition ; but the remaining articles are translated by 
the American gentlemen above named. Nearly two-thirds, 
therefore, of the book are translated by Americans, who are 
physicians especially interested in the departments which 
they have undertaken. In this there is evident advantage, 
as one who is already familiar with a subject is the more 
likely to grasp obscure points, which are perhaps rendered 
still more obscure by being couched in a foreign idiom. 
There is also likely to be more freshness about an article thus 
translated than if it form, in the original, one of a large num¬ 
ber, and by different authors, translated by a single individ 
ual; for the weariness which must necessarily grow upon 
the translator of so large a volume, is not relieved by the 
increasing familiarity which he must acquire if the papers are 
all by the same author. 

“This series of papers, edited and in many instances 
written by Prof. Stricker, constitutes at once the most ex¬ 
tended and most accurate treatise on Histology extant. And 
as the study of Histology is a subject which admits only the 
latest and most accurate information to its aid, this work 
must necessarily supersede all others. It becomes, there¬ 
fore, absolutely indispensable to every histologist and physi¬ 
ologist in the world, as well as to all physicians and sur¬ 


geons who would pursue their departments with all the light 
of modern science.”— Phila. Medical Times. 

“ The need of a work of this kind has been felt for some 
time past. _ The last edition of Kolliker, contains points 
which he himself has altered in his later editions, which have 
not been translated. The publication of this work is des¬ 
tined to give increased zest to the study of minute anatomy, 
a study which is becoming a necessity to any one who de¬ 
sires to be a thoroughly educated physician. 

“We believe this book to be indispensable to any physician 
who desires to understand the present position of medical 
science, and to know, if not to find out for himself, the pre¬ 
sent knowledge of the minute anatomy of the human body. 
The authors, as remarked before, are men who have devoted 
themselves to these studies, and do not limit themselves to 
communication of the facts, but in many places treat of the 
methods of obtaining good specimens for self-study. 

“As for the book itself, it has been published in good 
style. The type is clear, the wood-cuts are equal to those 
of the German edition, and there are but few typographical 
errors .”—The Medical Record. 

“Every medical student and every scientific practitioner 
should study this work, as, better than any other in the 
English language, it exhibits what has been demonstrated 
respecting the minute structure of the body.”— Detroit 
Review oj Medicine. 
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THE MICROSCOPE AND MICROSCOPIC TECH¬ 
NOLOGY : A Text-Book for Physicians and Students. By Prof. H. 
FREY. Translated and Edited by G. R. CUTTER, M.D. 



Nachet’s Large Microscope—most recent pattern- 



Recklinghausen’s Moist Chamber. 



Acromatic Condenser of Smith & Heck. 


In one very handsome octavo volume, 
of about 750 pages, with several hundred 
illustrations on wood, engraved in the finest 
manner. 

Bound in extra muslin, printed sides. 

Price $6.00. 


Just Ready. 


NOTICES OF THE PRESS. 

‘Those who are familiar with Frey’s admirable 
manual will feel grateful to Dr. Cutter for his very 
readable translation, which enables our American 
and German students, who are unacquainted with 
the English tongue, to participate in the instructions 
of the renowned Zurich professor. These directions 
for investigati >n possess an especial value to the 
American observer, on account of the explicit man¬ 
ner in which are described the manifold improved 
methods of demonstrating the various structures 
in their healthy or diseased conditions. To sum 
up all, we think that this handsome volume is one 
which the working microscopist cannot afford to do 
without .”—Philadelphia Medical Times. 

“We advise all commencing the study of micro¬ 
scopy to purchase Frey on the Microscope.”— 
Buffalo Med. and Surg. Journal. 

“It is a pleasure, indeed, to call the attention of 
the profession to this very superior work. With 
this excellent work the beginner and the expert pos¬ 
sess all that can be desired for the prosecution of 
their studies and investigations .”—Richmond and 
Louisville Med. Jour. 

“ In many respects we think this the best work 
on the Microscope .”—Detroit Review 0 / Medi¬ 
cine. 

“ A complete exposition of the subject, thoroughly 
indispensable to the practical microscopist.”— 
Chicago Medical Journal. 

“The work is presented very modestly, yet we 
find it not only very accurate in all its details of 
process, but complete as regards variety of topics 
treated. The condensed style of the author, the 
fairness of his nature, together with his understand¬ 
ing of histology, permit an unbiassed discussion of 
nearly all questions of microscopic anatomy, and 
many of obscure pathology. The rules for testing 
and selecting an instrument are especially valuable 
to one about to purchase.”—-V. V. Jour, of Med. 

“ We conceive this work, of all others, particularly 
fitted by its completeness and arrangement to serve 
the student, whether beginner or one far advanced. 
The best and most recent methods are here given 
n detail. The additions of the editor make this 
part of the work complete to the present time. Each 
tissue and organ is treated with a completeness 
limited only by the present progress of microscopic 
art. The translator and editor deserves the grati¬ 
tude of the medical profession for placing before ar. 
English reading public Dr. Frey’s work, rendered 
still more valuable by his own judicious brackets.” 
Brown-SequarcCs Archives of Scientific an.t 
Practical Medicine. 
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THE AMATEUR MICROSCOPIST; or, Views of the Mi¬ 
croscopic WORLD. A Hand-Book of Microscopic Manipulation and 
Microscopic Objects. By John Brocklesby, A.M. 



Scale of Same magnified. 
Haddock. 



Illustrated with two hun¬ 
dred and forty-seven figures 
on wood and stone. 

In one small quarto vol¬ 
ume, elegantly bound in mus¬ 
lin, printed covers. Price 
$ 1 . 75 . 


Volvox Globator. 

NOTICES OF THE PRESS. 

“ A little book full of curious and interesting facts regarding the microsco¬ 
pic world.”— Our Young Folks. 

" Published in very beautiful shape.”— Evening Mail 

“ It treats of the microscope, how to use it, and how to prepare microsco¬ 
pic objects for examination. * * * There are about 250 illustrations 

beautifully executed.”— Illinois Teacher. 

«The book is finely gotten up, and will be found useful to all teachers 
who desire to extend their knowledge into this most interesting domain.”— 
Kansas City Journal. 


THE PREPARATION AND MOUNTING OF MICROSCO¬ 
PIC OBJECTS. By Thomas Davies. 

Contents -.—Apparatus. To Prepare and Mount Objects “Dry.” Mounting in Canada Balsam. 
Preservative Liquids, etc., particularly where Cells are used. Sections and how to cut them, 
with some remarks on Dissection. Injection. Miscellaneous. [Second Edition. 

One handsome duodecimo volume. Extra muslin. Price $ 1 . 25 . 


“ In bringing this hand-book before the public, the author 
believes that he is supplying a want which has been long 

felt.These pages will be found to comprise all 

the most approved methods of mounting, together with the 
results of the author’s experience, and that of many of his 
friends, in every department of microscopic manipulation.” 
—Extract front Preface. 

“ The microscope has become of great value in practical 


medicine, and many physicians make continual use of it in 
diagnosis. To such, this little work will prove an acceptable 
teacher, as well as to those who employ the microscope for 
amusement or the advancement of science. Very many 
have been discouraged in the use of the instrument because 
they have had little or no instruction in the preparation of 
objects, and it is but the fewest number that have been able 
to mount and preserve them.”— Eclectic Medical Journal. 


FOOD; ITS VARIETIES, CHEMICAL COMPOSITION, 

Nutritive Value, Comparative Digestibility, Physical Functions and 
Uses, Preparation, Culinary Treatment, Preservation, Adulterations, 
&c. By Henry Letheby, M.B., M.A., Ph.D., &c., Professor of 
Chemistry at London Hospital, Food Analyst and Medical Officer of 
Health to the City of London. 

In one neat 12010 volume, bound in muslin. Price $ 2 . 25 . 

STRONG DRINK AND TOBACCO-SMOKE; the Structure, 
Growth, and Uses of Malt, Hops, Yeast, and Tobacco. With one hun¬ 
dred and seventy-six illustrations on steel. By Henry R. Prescott, 
F.L.S. 

In one 8 vo volume, muslin binding. Price $ 3 . 00 . 
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DENTAL PATHOLOGY AND SURGERY. By James A. 
Salter, M.B., F.R.S. 


In one handsome octavo volume, with one hundred and thirty-three engravings. Bound ir 

satin finish muslin. Price $ 4 .5°- 


Front the Medical Times and Gazette. 

Dec. 5, 1874. 

“ Mr. Salter was educated as a Surgeon, and was House- 
Surgeon to King’s College Hospital, and practised surgery 
for the first few years of his career ; hence it is that he has 
given to the profession an admirable treatise, not only on 
the pathology of the teeth, but also on dental surgery. 
* * * * * In conclusion, we would recommend the 

book as a most able and practical treatise on dental surgery 
and pathology. It tells all that is known on the subject in 
a clear and pleasant style, and should be read by all who 
are interested in that special department of surgery. Ihe 
book is well printed, and illustrated with 133 excellent wood 
engravings. 


From the London Lancet. Dec. $, 1874. 

“This handsome volume embodies the researches and 
experiences of a surgeon who has long been known as one 
of the most scientific dentists of the day. Mr. Salter had 
the great advantages of such a complete medical education 
as is implied by the possession of a degree of the University 
of London, upon which he turned his attention to dental 
subjects, and he has continued his labors upon the broad 
basis thus laid down, with the satisfactory results that he 
has contributed not a little to both the science and practice 
of dentistry, the latter in its widest sense. * * * We 

close Mr. Salter’s work well satisfied that it is an honest 
record of good physiological and practical work, and we 
congratulate both the surgical and dental professions on 
possessing such a valuable work of reference.” 


LESSONS IN ELEMENTARY CHEMISTRY, ORGANIC 
AND INORGANIC. By Henry E. Roscoe, B.A., F.R.S., Pro¬ 
fessor of Chemistry in Owen’s College, Manchester, England. 



Second Edition, with a 
chromo-lithograph of the 
solar spectra. In one very 
neat i8mo vol., fully illus¬ 
trated, bound in muslin, 
red edges. Price $1.50. 


Notices of the Press. 

“It has no rival in its field, 
and it can scarcely fail to take 
its place as the text-book at 
all schools where chemistry is 
studied .”—Chemical News. 

“ We regard Dr. Roscoe’s as 
being by far the best work from 
which a student can obtain a 
From Illustrations of Crystal- sound and accurate knowledge of 
lography. the facts and principles of rudi¬ 

mentary chemistry .”—The Vete¬ 
rinarian. 


“ We should be gratified to see this little treatise find its way 
into the hands of all medical students who begin their course in 
chemistry.”— St. Louis Medical and Surgical Journal. 



Preparation of Sulphur. 


MICRO-CHEMISTRY OF POISONS, including their Physi¬ 
ological, Pathological, and Legal Relations : adapted to the use of the 
Medical Jurist, Physician, and General Chemist. By THEODORE G. 
WORMLEY, M.D., Professor of Chemistry and Toxicology in Starling 
Medical College, &c. 

With seventy-eight illustrations on steel. In one 8 vo volume, bound in muslin. Price $ 10 . 00 . 

CONTENTS Introduction. Parti. Inorganic Poisons. The Alkalies Potash, Soda, and Ammo¬ 
nia. The Mineral Acids: Sulphuric, Nitric, Hydrochloric, Oxalic, and Hydrocyanic Acid, 
and Phosphorus. Antimony, Arsenic, Mercury, Lead, Copper, and Zinc. Part II. Vege» 
table Poisons. Introduction. Volatile Alkaloids: Nicotine, Conine, Opium, and some ol 
its constituents; Nux Vomica, Strychnine, Brucine, Aconitine, Atropine, Daturine, Veratrine, 
Solanine. 


<<r ”his is a much more complete treatise on Poisons than 
the title would seem to indicate. It is not only the minute 
chemistry but the entire chemistry of the subject, with 
Toxicology, Medical Jurisprudence, Physiology, and Pa¬ 
thology thrown in. Too much praise cannot be ascribed to 
the illustrations upon steel; these are so admirably executed 
that they will bear the closest scrutiny with the pocket lens. 
With such plates before him, and by aid of a microscope, 


none need doubt the character of the precipitate on hi? 
slide, or fail to recognize the minutest quantity of any 
poison. The book exhausts the subject of Poisons, and 
brings the subject down to the present day. It ought to 
be in the hands of every lawyer who may be called iipon to 
try cases of suspected poisoning, and to the physician it? 
suggestions about the proper remedies and antidotes can. 
not fail to be of value.”— Journal 0 /Applied Chemistry, 
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LESSONS IN PHYSICAL DIAGNOSIS. By A. L. Loomis. 

Revised Edition, very much enlarged, with many new illustrations. 

In one handsome octavo volume, bound in extra muslin. Price $3.00 



The Posteriot 'Region, the boundaries of its subdivisions, and the organs 
corresponding to these subdivisions —ajter Gibson. 


Now Ready. 


NOTICES OF THE PRESS. 

“The previous editions of this volume 
have been very well received, and, from 
their ready sale, appear to meet a well-re¬ 
cognized want... we find the plan of 
the work excellent, and, within the limits 
proposed by the author, very well carried 
out. It would be easy to point out many 
omissions ; completeness and conciseness 
to a certain degree exclude each other: but 
in the space assumed it would be difficult 
to include a greater variety and amount of 
sound teaching. The style is compact, 
clear, positive, and exact. It is free from 
all irrelevant discussions : nothing is allow¬ 
ed to disturb or confuse the distinct image 
of clinical facts. . . . The book is very 

creditable to its acute and industrious au¬ 
thor ; and whoever shall practically master 
its contents cannot fail to be a discriminat¬ 
ing and well furnished diagnostician.”— 
The Medical Record. 

" For students it is the best work on 
physical diagnosis that is published.”— 
Detroit Review of Medicine. 

“This is a work already well and favor¬ 
ably known to the profession. In the pre¬ 
sent edition the original text has been en¬ 
tirely revised and enlarged by the addition 
of five new lessons.”— Chicago Medical 
Examiner. 

" Students of medicine and practitioners 
will find this just the work to meet their 
wants on the subjects of which it treats. 
Its instructions are full and very plain.”—■ 
Cincinnati Medical News. 

“ The previous editions of the work, con¬ 
fined to an exposition of the subject of 
physical exploration of the chest and abdo¬ 
men, we have regarded as among the very 
best works on the subject extant, and hence 
recommended ‘ Loomis on Physical Diag¬ 
nosis’ to our classes ; and it gives us plea¬ 
sure to repeat, in this form, our hearty 
commendation of the book.”— Mich. Uni¬ 
versity Medical Journal. 


REPORT ON QUARANTINE ON THE SOUTHERN 
AND GULF COASTS OF THE UNITED STATES. By Harvey 
E. Brown. 


In one vol. 8vo, muslin binding. Price $1.25. 
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TO BE BEADY IN FEBRUARY, 1876. 

WAGNER’S MANUAL OF GENERAL PATHOLOGY; An 

Introduction to Medicine and Surgery for Students. Translated from 
the Sixth German Edition by John Van Duyn, M.D., of Syracuse, 
N. Y., and E. C. Seguin, M.D., of New York. 

CONTENTS :— General Nosology ; definition of disease, general semeiology, diagnosis, 
prognosis, course, duration, and cure of disease, death, apparent death. General 
./Etiology ; ordinary external and internal causes of disease, animal and vegetable 
parasites. Generai. Pathological Anatomy and Physiology ; local disorders of 
circulation (hyperaemia, embolism, thrombosis, etc.), inflammation, general alterations of 
nutrition, atrophy, etc., necrosis, etc., regeneration, tumors, etc. Pathology of the 
Blood ; anaemia, spanaemia, plethora, leucocythaemia, melanaemia, icterus, uraemia, suffocation, 
lithaemia, diabetes, pyaemia, fever, marasmus, etc. 

In one large octavo volume of upwards of 700 pages. Price in extra muslin 
binding, $ ; in leather, $ 

NOTICES OF THE PRESS. 
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A HANDBOOK OF THERAPEUTICS. By Sidney Ringer. 

M.D., Professor of Therapeutics in University College, Physician to 
University College Hospital. 

Fourth edition. In one demy 8vo volume, bound in extra muslin. Price $4.25. 


“The author, as we have said, designed the book simply 
as an introduction to Therapeutics for the use of students 
and young practitioners. That to such it will be found 
most useful there is no doubt; but we are also sure that, 
from the mass of valuable, readable, and well-arranged 
information it contains, and the numberless minor practical 
hints scattered throughout its pages, the work will be 
almost equally useful to the busy practitioner; and that it 


will receive from the profession generally the warm welcome 
which it deserves.”— British Medical Journal. 

“The work contains a large amount of most useful matter, 
much of which will be novel to the English student. There 
is moreover an honest directness of statement, and an ap¬ 
parent desire to balance opposing opinions with candor, 
which is calculated to attract confidence. We can scarcely 
doubt that the present edition will be quickly sold .”—The 
Practitioner. 


THE ESSENTIALS OF MATERIA MEDICA AND THERA¬ 
PEUTICS. By Alfred Baring Garrod, M.D., F.R.S., Fellow of 
the Royal College of Physicians, etc., etc. 


Second edition, revised and much enlarged. One handsome 8vo volume, extra muslin. Price $4.00. 


“The work of Dr. Garrod supplies a want that has long 
been felt on this side of the Atlantic. The editor has con¬ 
fined himself to supplying a few of the omissions of Dr. 
Garrod, and to indicating where a difference exists in the 
preparations of the Pharmacopoeia of the United States. 
His aim has been to make such additions only as are strictly 
necessary for the American student. 

“The author of this book has succeeded admirably in 
placing in concise form what is necessary to be known of 
Materia Medica and Therapeutics, leaving it to larger works 


to enter into details.If our estimate of the 

work is a correct one, and we think it is, it will not be long 
before another edition will be called for.”— Medical and 
Surgical Reporter. 

“ We have here a brief resume of Materia Medica, all 
non-essential parts being omitted. It might be called a com¬ 
mentary on the Pharmacopoeia, as it somewhat resembles 
Phillips’ commentary on the London Pharmacopoeia, though 
more extended in its descriptions of the action and uses of 
remedies.”— Eclectic Medical Journal. 


THE PRACTITIONER’S PHARMACOPOEIA, AND UNI¬ 
VERSAL FORMULARY. Containing two thousand classified Pre¬ 
scriptions, selected from the practice of the most eminent British and 
Foreign medical authorities, etc., etc. By John Foote, M.R.C.S., 
London. With additions by BENJAMIN W. McCREADY, M.D., Pro¬ 
fessor of Materia Medica and Pharmacy in the College of Pharmacy, 
New York, etc. 

In one duodecimo volume, muslin. Price $2.00. 

“ Dr. Foote’s Formulary is an excellent one of its class, “ We recommend it as the best work of the kind with 
and we take pleasure in commending it to the profession.” which we are acquainted.”— New York Medical Times. 
—Medical Examiner. 


THE PRESCRIBER’S PHARMACOPCEIA. Containing all the 

Medicines in the London Pharmacopoeia; arranged in classes according 
to their action, with their composition and doses. By a Practising 
Physician. Altered to correspond with the United States Dispensatory. 
Revised, with additions, by Thomas F. Cock, M.D. 

l8mo, extra muslin. 


A CONSPECTUS OF THE PHARMACOPOEIAS OF THE 
LONDON, EDINBURGH, AND DUBLIN COLLEGES OF PHY¬ 
SICIANS, AND OF THE UNITED STATES PHARMACOPCEIA. 
Being a Practical Compendium of Materia Medica and Pharmacy. By 
Anthony Todd Thompson, M.D., F'.L.S. 

Tenth edition. One volume i8mo, leather. Price $1.25. 

“ It is a most va.uable epitome of all that relates to the Materia Medica.”— Boston Medical and Surgical Journal. 


STUDIES IN PATHOLOGY AND THERAPEUTICS. By 
Samuel Henry Dickson, M.D., LL.D., Professor of Practice of 
Physic in Jefferson Medical College, Philadelphia, etc., etc. 


In one handsome i2mo volume, neatly bound in extra muslin. Price $1.50. 


“Dr. Dickson may be styled a medical philosopher, in 
the best sense of the term. He thinks independently, and 
has done a vast amount of good thinking in the 200 pages 
composing the ‘ Studies.’ There are few writers who find 
the middle way so successfully. He shows no bigoted 


affection for the old, nor any shallow, pedantic passion for 
the new. We give his book a hearty recommendation to 
our medical brethren. They will rise from its perusal 
informed and refreshed.”— Pacific Medical and Surgical 
Journal. 
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PRINCIPLES AND PRACTICE OF VETERINARY SUR¬ 

GERY. By Wm, Williams, M.R.C.V.S., F.R.S.C., &c., &c. 

In one octavo volume, illustrated with colored plates and wood engravings. Price $ 


BY THE SAME AUTHOR. 

THE PRINCIPLES AND PRACTICE OF VETERINARY 

MEDICINE. 


In one handsome octavo volume, bound in cloth. Price $10.00. 


A YEAR-BOOK OF THERAPEUTICS, PHARMACY, AND 
ALLIED SCIENCES. 1872 and 1873. By H. C. Wood, Jr., 
M.D. 

In handsome octavo volumes, bound in extra muslin. Price $2.50 each. 


This “Year-Book ” is made up from the pages of “ New Remedies,” and contains all the more 
important articles which have appeared in that journal during the past year, together with a few new 
ones. It will be published annually for the benefit of those who prefer to purchase the very valuable 
material it contains in this form rather than in unbound numbers as a periodical. A complete index 
lias been added. We append a few of the very favorable notices we have received of the book in its 
magazine form. 


“ Ably edited and unexceptionally published. . _ . . . 

Replete with matter instructive, curious, entertaining, and 
valuable .”—Richmond and Louisville Journal. 

“Contains a great deal of useful information, and is 
adapted to the wants of the medical profession and the 
apothecary .”—Leavenworth Med. Herald. 

“ A valuable work of reference to the busy practitioner, 


and also of much importance to druggists and others engaged 
in medicine.” 

“ It is one of the most convenient and perfect of the an¬ 
nual compendiums we have had the pleasure of looking 
over .”—Chicago Medical Journal. 

“ It will be found a very convenient and valuable book of 
reference .”—Chicago Medical Examiner. 


A TREATISE ON POST-MORTEM EXAMINATIONS 

AND MORBID ANATOMY. By Francis Delafield, M.D. 

One handsome octavo volume, bound in extra muslin. Just Out. Price $3.50. 


NOTICES OF 

“ This book will give to the English-reading members of 
the profession a relief from the sense of a want long felt. 

. . . we feel sure that those who do not often make 

post-mortem examinations will find in this work a valuable 
companion when called on to do so. To all those who wish 
for a brief statement of the anatomy of the diseases of organs, 
and of general diseases, and of the effect of poisons, together 
with a short article on tumors, based upon a classification 
derived from their minute anatomy, this book will offer the 
means of obtaining the gratification of the wish. We find 


THE PRESS. 

ourselves able to say that it contains ntultum in parvo."— 
New York Medical Journal. 

"This work is exceedingly valuable. It is a guide and 
aid which every one desires and must value. It meets fully 
a demand hitherto ungratified, and every physician should 
own a copy of it.”— Richmond and Louisville Med. Jour. 

"Wecordially recommend the work to our subscribers, 
feeling confident that it will supply an important want.”- 
Cincinnati Medical News. 
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A PRACTICAL TREATISE ON THE MEDICAL AND 
SURGICAL USES OF ELECTRICITY ; including Localized and 
General Faradization, Localized and Central Galvanization, Elec¬ 
trolysis, and Galvano-Cautery. By Geo. M. Beard, M.D., and 
A. D. Rockwell, M.D. Second Edition, Revised, Enlarged, and 
mostly Rewritten. 


In one large octavo volume of upwards of 800 pages, with nearly two hundred illustrations, bound 

in extra muslin, price, $6.25 ; or, in leather, $7.25. 


Faradization of the Uterus. 




Electrodes. 


NOTICES OF 

“The impression it gives at first sight is very favorable ; 
it is beautifully printed, and illustrated with woodcuts in 
a way which cannot fail to be most useful to students. 

“ The matter of the volume, again, is admirably arranged ; 
better than in any book of the kind which I have seen. 

“ References are numerous and accurate, and we are 
delighted to have that which we lack so much in almost all 
other such books, namely, complete indexes, both verbal and 
bibliographical. They have perfected, if they did not 
originate, a method of Electro-Therapy which they call 
general faradization. 

“ It is a pleasing feature in the present volume that the 
unsuccessful cases bear their just proportion to the success¬ 
ful, and that in other instances where success was incom¬ 
plete there is no attempt to make the results more satisfac¬ 
tory than they really were.’’— British and Foreign Medico- 
Chirurgical Review. 

“We can really congratulate Drs. Heard and Rockwell 
on the production of a very exhaustive work, thoroughly up 
to the times, and evincing an intimate familiarity with the 
subject, a cordial recognition of the labors of home and 
foreign writers, and a laudable desire to give an honest 
account of their cases, not magnifying their successes nor 
concealing their failures.”— Dublin Quarterly Journal. 

“ Supplies a long-existing want in Electro-Therapeutics. 

“ We know of no other work on the subject that gives 


THE PRESS. 

anything like the practica. instruction that we find here.”— 
Michigan University Medical Journal. 

“ More important assistance perhaps is given by the 
illustrations to the chapters, or the modus operandi, where 
the various methods of applying the apparatus in the 
treatment of the different affections is explained.”— London 
Journal of Mental Science. 

“It is unquestionably the best and simplest authority on 
this subject at present accessible. Those who want in this 
connection to be abreast of the times, can purchase a work 
which will be most satisfactory and reliable.”— Richmond 
Medical Jourttal. 

“The complicated methods and nomenclatures that have 
disheartened the puzzled works of previous authors on this 
branch of medicine, have been pruned of redundancies and 
confounding synonyms.”— American Practitioner. 

“ In the arrangement of their material, in the presentation 
of their subject-matter, in the scope of their studies, in the 
manly though modest manner in which they press their own 
views, and in the very attractive manner in which the vol¬ 
ume is published, Doctors Beard and Rockwell must be 
complimented as having produced a very readable and 
instructive work on medical electricity, and one which will, 
perhaps, answer the requirements of the busy practitioner 
better than any single work on the subject which has ap¬ 
peared in original English or been translated from a foreign 
language.”— Nen> York Medical Record. 


COX’S COMPANION TO THE SEA MEDICINE-CHEST, 
and Compendium of Domestic Medicine. Revised and consider¬ 
ably enlarged by R. Davis, Member of the Royal College of Surgeons, 
assisted by some of the most eminent physicians and surgeons of the day 
From the Thirty-third London Edition. In one duodecimo volume, 75 cents. 
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ELECTRO-PHYSIOLOGY AND THERAPEUTICS. Being 

a Study of the Electrical and other Physical Phenomena of the Muscular 
and other Systems during Health and Disease, including the Phenomena 
of the Electrical Fishes. By Charles E. Morgan, A.B., M.D. 



In one large 8vo vol., profusely illustrated 
with fine wood engravings, bound in muslin. 
Price $6.50. 


NOTICES OF THE PRESS. 


“ This posthumous work of Dr. Morgan gives evidence 
of the most careful and exhaustive study of the phenom¬ 
ena of Electro-Physiology, as developed by the labors 
' of the most recent investigators.”— St. Louis Medical 
and Surgical Journal. 

“The whole range of European scientific literature is 
laid under contribution ; the most recent discoveries 
are detailed; and numerous complicated apparatus, 
devised to experiment with this mysterious force, are 
described ; the mathematical formula: which express its 
actions are analyzed, and its applications to disease are 
rehearsed and judged with keen medical insight.”— 
Medical and Surgical Reporter. 

“It merits a place in the library of every physician 
and cultivator of the natural sciences.”— Chicago Medi¬ 
cal Examiner. 

“This book is a mine of knowledge to the student in 
the department of science to which it relates. . . It 

is a most thorough and comprehensive treatise oh the 
subject.”— Western Journal of Medicine. 

“There is nothing in the English language which at 
all approaches it as regards the scientific treatment of 
the whole subject of electricity.”— Detroit Review 0/ 
Medicine and Pharmacy. 


Local Faradization of Muscles of the Trunk. 


MIND AND MATTER; or, PSYCHOLOGICAL INQUIRIES. 
In a series of Essays intended to illustrate the Mutual Relations of the 
Physical Organization and the Mental Faculties. By Sir Benjamin 
BRODIE, Bart., D.C.L., Vice-President of the Royal Society. 

In one handsome duodecimo volume. Extra muslin, $1.25. 


“ Should be found in the library of both the physician and the naturalist.”— N. J. Medical and Surgical Reporter. 

THE MEDICAL PROFESSION IN ANCIENT TIMES. 

An Anniversary Discourse delivered before the New York Academy o 
Medicine, Nov. 7, 1855. By Joi-IN WATSON, M D., Surgeon to the 
New York Hospital. 

One octavo volume, bound in muslin. Price $1.50. 


"One of the most valuable histories of ancient medicine 
which has yet been published.”— North-Western Medical 
and Surgical Journal. 

“ The result of long and laborious investigation on the 


part of the author, to whom the thanks of the profession are 
due, for a most interesting and agreeable sketch of the his- 
tory of ancient medicine.”— Boston Medical and Surgical 
Journal. 


A VEST-POCKET MEDICAL LEXICON. Being a Diction¬ 
ary of the Words, Terms, and Symbols of Medical Science. Collated 
from the best authorities, with the Addition of New Words not intro¬ 
duced into a Lexicon. With an Appendix. By D. B. St. John 
ROOSA, M.D. 

Second Edition, enlarged. 64mo. Price, Roan, 75c., or lucks, $1.00. 


“ This is the smallest of books, albeit an extensive Lexi¬ 
con. As its title implies, it can nestle snugly in the vest 
pocket. To any one who would like to carry about his per¬ 
son a dictionary of medical words it is the very thing.”— 
Pacific Med. and Surg. Journal. 

> “The Lexicon measures three and one-fourth inches in 
length, by two and thtee-eighths in breadth, and is three- 


fourths of an inch thick. The whole work is well done.’’— 
N. V. Teacher . 

This is just what its title-page would indicate, a very neat 
and convenient medical dictionary* so small that the student 
can carry it in his pocket with perfect ease. This little book 
has received the warmest commendations from very many of 
the best medical teachers in the United States. 
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CLINICAL LECTURES ON THE PRINCIPLES AND 
PRACTICE OF MEDICINE. By John Hughes Bennett, M.D., 
F.R.S.E., Professor of Institutes of Medicine, and Senior Professor of 
Clinical Medicine in the University of Edinburgh. 

Eifth American Edition. One very handsome octavo volume of over one thousand pages, with five 
hundred and thirty-seven illustrations on wood. In extra muslin binding, $6.00; leather, $7 00. 



Section of Lung in the Second Stage of Phthisis Pulmonalis. Two-thirds real size. 


NOTICES OF 

“ When a book—especially so large a book as this—reaches 
a fourth edition, it may be considered to be pretty inde¬ 
pendent of reviews and reviewers. 

" It would be scarcely too much to say that Dr. Bennett 
marks an era in the Science and Practice of Medicine. To 
him as much as to any other physician, are due the changes 
which have come over the practice of medicine ; and for this, 
more than for anything else, we value him and the books 
which record his views and cases. * * * This is a most 

valuable book, and records work and original views which 
will secure for the author a lasting and enviable reputation 
as a physiologist and physician.”— London Lancet. 

“Werecommend this volume with the most unqualified 
praise to the attentive consideration of the practitioner and 
students. We have met with no work of late years on the 
principles of medicine more likely to advance the true and 
rightful study of our art.”— Medical Times and Gazette. 

“ Every section has been thoroughly worked up, and 
every recent improvement in practice has been freely and 
fully discussed, which altogether stamps the book as one 
which is a truthful expose of the present status of our 
science. We commend this new edition to every one who is 
anxious to possess a complete treatise.”— The Medical 
Record. 

“Dr. Bennett’s lectures have had a rare success in the 
profession. He was one of the earliest and most prominent 


THE PRESS. 

“One of the most valuable books which have lately ema¬ 
nated from the medical press. No one devoted to the pro¬ 
fession will fail to peruse these lectures and acquaint himself 
with the discoveries of so ardent an explorer ; n the field of 
medicine.”— New York Journalbf Medicine. 

“ We must heartily commend it to the voting and old, the 
disciple and the master alike.” — Charleston Medical 
Journal and Review. 

“ A new work, in which the applications of the microscope 
to clinical medicine are treated by a master hand. The 
great value of this work is, that it embodies, in a clear and 
concise manner, all the applications of the microscope to 
practical medicine. It is, in fact, a perfect manual on this 
subject, and as such to be welcomed by all who consider 
diagnosis as the most important element in the study of 
disease.” — New Orleans Medical News and Hospital 
Gazette. 

in the reactionary party, who declared against excessive 
dosing, venesection, mercurialization, and low dieting in 
treatment.”— Phila. Med. and Surg. Reporter. 

“Few books on practical medicine have been more potent 
for good than the one whose title heads this notice. Our 
opinion is, that every practitioner of medicine not already in 
possession of Professor Bennett’s views, should at once pro¬ 
cure a copy of the fifth edition of his Clinical Lectures.”— 
Western Medical Journal, 
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ON SPERMATORRHOEA. Its Causes, Symptomatology Pa¬ 
thology, Prognosis, Diagnosis, and Treatment. By Roberts 
Bartholow, A.M., M.D., Professor of Physics and Medical Chemistry 
in the Medical College of Ohio ; Lecturer on Clinical Medicine, and 
Physician to St. John’s Hospital, Cincinnati; formerly Assistant Surgeon 
(Captain) United States Army, etc., etc. Third Edition. 

In one neat duodecimo volume, muslin binding. Price $1.00. 


“This is a neatly printed volume of 112 pages. The 
style of the author is clear, concise, and pleasing, and his 
practical views judicious. The rational practitioner will 
find it worthy of a place on his table.”— Chicago Medical 
Journal. 

“ Dr. Bartholow’s Treatise on Spermatorrhoea seems to 
us to have been judiciously conceived and well executed. 
This treatise goes systematically over the whole subject. 
It is extremely well worth reading by all practitioners, as 


a good exposition of sound views.”— Philadelphia Medical 
and Surgical Reporter. 

“The book supplies a want that has long been felt by 
the profession, and can be confidently recommended as 
a reliable guide to both student and practitioner, and as 
containing the most recent and well-sustained advances 
that have been made both in the pathology and therapeutics 
of the malady in question.”— N. Y. Medical Journal. 


SYPHILITIC LESIONS OF THE OSSEOUS SYSTEM 
IN INFANTS AND YOUNG CHILDREN. By R. W. Taylor, 
M.D. 

One very handsome octavo volume, bound in extra muslin. Price $2.50. 


ASIATIC CHOLERA. By F. A. Burrall, M.D 

In one neat i2mo volume. Price $1.50. 


“ It is a special merit of Dr. Hurrah’s timely volume, 
that it so states facts as to instruct the reader most impres¬ 
sively and acceptably in all that relates to preventive 
measures and prophylaxis. We have met with no writing 
on Cholera in our language that has more happily achieved 


this chief end of medical research. For this reason, no 
less than for the scholany excellencies of this brochure, it is 
sure to command the attention and regard of the profes¬ 
sion.”— Medical Record. 


ON DISEASES OF THE KIDNEYS, HEMATURIA, AND 
DIABETES. By W. H. Dickinson, M.D., Cantab., Fellow of the 
College of Physicians, Assistant Physician to St. George’s Hospital and 
to the Hospital for Sick Children. 

In one octavo volume, with plates and woodcuts. 

A NEW EDITION IN PRESS. 


COMPENDIUM OF PERCUSSION AND AUSCULTA¬ 
TION, and of the Physical Diagnosis of Diseases Affecting the Lungs 
and Heart. By AUSTIN Flint, M.D. 

iSmo, flexible muslin. Price 50 cents. 

A HANDBOOK OF HOSPITAL PRACTICE ; or, an Intro¬ 
duction to the Practical Study of Medicine at the Bedside. By 
Robert D. Lyons, M.D., K.C.C., Etc., Etc. A Book for Students. 

In one handy duodecimo volume of 233 pages, bound in muslin. Price $1.25. 


NATURE IN DISEASE; illustrated in Various Discourses and 
Essays, to which are added Miscellaneous Writings, chiefly on Medical 
Subjects. By John Bigelow, M.D., Professor of Materia Medica in 
Harvard University, Etc., Etc. Second Edition. 

One neat duodecimo volume, extra muslin. Price $1.25. 


BRIEF EXPOSITIONS OF RATIONAL MEDICINE, to 

which is prefixed The Paradise of Doctors : a Fable. By the same 
author. 


One neat duodecimo volume, extra muslin. Price 50 cents. 
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Protracted Scarlatina. 

MEDICAL THERMOMETRY AND HUMAN TEMPERA¬ 

TURE. By C. A. Wunderlich and Edward Seguin. 

In one octavo volume of 470 pages, with numerous diagrams. Extra muslin. Price 50 . 


A PRACTICAL TREATISE ON BRIGHT’S DISEASES OF 
THE KIDNEYS. By T. Grainger Stewart, M.D., F.R.S.E., Fel¬ 
low of the College of Physicians, Lecturer or General Pathology, Sur¬ 
geon’s Hall. Illustrated with seven lithographed plates (one colored). 

In one octavo volume, bound in cloth. Price $4.50. 


“This is a valuable contribution to the study of a class 
of diseases which has enlisted a great amount of laborious 
investigation during the last twenty or thirty years. It is 
an original work, illustrated with plates, exhibiting very 
impressively the morbid changes which the kidneys undergo 
in the various and distinct forms with which the name 


of Bright is inseparably and honorably associated. * * * 
“The subject throughout is handled by a master mind. 
To the general practitioner, and especially to those inter¬ 
ested in diseases of the kidneys, the work is invaluable.”— 
Pacific Medical and Surgical Journal. 


CLINICAL LECTURES ON DISEASES OF THE LIVER, 
JAUNDICE, AND ABDOMINAL DROPSY. By Charles Mur¬ 
chison, M.D., F.R.S., &c. 


In one i6mo volume, illustrated 

“The impression which this series of lectures has made 
upon us is so favorable that, if we were to give utterance to 
all the praise we feel u merits, we fear our language might 
be thought hyperbolical. Let us say then, only, that it is 
the most instructive, the most teaching work on its subject 
in our language.”— St. Louis Med. and Surg. Feporter. 

" We ta.ke leave of Dr. Murchison’s book with regret, and 


, bound in cloth. Price $4.00. 

wc cordially recommend it to our readers .”—Medical Timet 
and Gazette. 

“Dr. Murchison’s book, it cannot be doubted, will have 
the effect of lighting up many dark places of practice, and 
convey clear conceptions of diseases of the liver, where all 
had been vagueness before.”— Lancet. 


LECTURES ON THE ERUPTIVE FEVERS. By 
George Gregory, M.D., Fellow of the Royal College of Physicians of 
London. With Notes and an Appendix, embodying the most recent 
opinions on Exanthematic Pathology, and also statistical tables and 
colored plates. By H. D. BULKLEY, M.D. 


In one handsome octavo volume, bound in muslin. Illustrated by beautifully colored lithographic 

plates. Price $3.00. 


“The very best which has yet been published on Erup¬ 
tive Fevers ; and one which it should be the duty of every 
physician to provide himself with .”—Northern Lancet, 


“ This work abounds with valuable information in regard 
to a class of diseases of very frequent occurrence and of fear¬ 
ful mortality.”— Stethoscope. 
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ON EPILEPSY: ANATOMO-PATHOLOGICAL AND 

Clinical Notes. By GONZALEZ ECHEVERRIA, M.D., Univer. of Paris. 

Illustrated with four Chromo-Lithographs and six Heliographic Plates, all made expressly for this work. 
In one octavo volume of nearly 4C0 pages, handsomely bound in muslin. Price $5.00. 



Tracing of Shape of Skull in a 
case of Hereditary Epilepsy. 


NOTICES OF THE PRESS. 


“This volume is the result of a large 
amount of careful original research, and 
throws much light on an obscure and fear¬ 
ful disease. The author’s views are based 
upon numerous microscopical examinations 
ol epileptics, as well as an extended study 
of many cases ."-^Philadelphia Medical 
and Surgical Feporter. 

“ The author, bringing to bear an exten¬ 
sive experience of his own in connection 
with the New York Hospital for Epileptics 
and Paral> tics, has succeeded in throwing 
together more valuable knowledge on the 
treatment and pathology of Epilepsy than 
will be found in any other source. The 
volume exhibits the finest style of work¬ 
manship ; and the numerous plates, some 
of which are finely colored, are not to be 


surpassed in beauty of execution.”— 
Pacific Medical and Surgical Journal. 

“ A monograph of rare value, and wilt 
amply warrant a careful study.”— Leaven - 
worth Medical Herald. 

“It is utterly superfluous for us to at¬ 
tempt to give an epitome of the contents 
of this great work, one of intrinsic merit. 
On no subject in the domain of medicine 
have we got such a practical work as this ; 
not one so good in pathology, the sound 
basis of rational treatment. It is written by 
a master—by one who deserves well of our 
profession for the many long years he has 
labored to give us a work which v. ill forever 
be our guide to the successful cuie of Epi¬ 
lepsy .”—Buffalo Medical and Surgical 
Journal. 


IDIOCY: AND ITS TREATMENT BY THE PHYSIOLO¬ 
GICAL METHOD. By Edward Seguin, M.D. 

In one handsome octavo volume of 457 pages, neatly bound in muslin. Price $5.00. 


“Twenty years ago Dr. Seguin published in Paris a trea¬ 
tise on the Treatment of Idiots, which has since been the 
best work of authority on the subject. He has now pub¬ 
lished another work on Idiocy, embodying in it our present 
knowledge of the malady, expounding the physiological 
method of educating idiots, and setting forth rules of practi¬ 
cal treatment; and finally, pointing out the direction to be 
given to future scientific effort.”— London Lancet. 


“This work is well worth the perusal and study of those, 
and they are many, who have never given the subject a 
thought. To what extent physiological and moral treatment 
can go in improving the condition of the idiot is here shown, 
and we think it is a source of infinite delight to watch the 
progress from mere animal life to almost the intelligent being, 
as has been here shown in this treatise.”— St. Louis Medi¬ 
cal Journal. 


ERICHSEN ON CONCUSSION OF THE SPINE, 
NERVOUS SHOCK, AND OTHER OBSCURE INJURIES OF 
THE NERVOUS SYSTEM, IN THEIR CLINICAL AND 
MEDICO-LEGAL ASPECTS. By John Eric Erichsen, M.D. 

In one i2mo volume, bound in cloth. Price $2.25. 


PRIMARY SYSTEMATIC HUMAN PHYSIOLOGY, 

ANATOMY AND HYGIENE. By T. S. Lamrert, M.D. 

A beautiful i2mo volume of 178 pages, profusely illustrated. Price 85 cents. 

These works are written upon a new plan especially for High Schools and Academies, and are 
profusely illustrated by hundreds of fine wood engravings, and the larger book by thirty-one additional 
full-page plates on tinted paper, containing very many figures. 


PRINCIPLES OF PHYSIOLOGY. Designed for the Use of 

Schools, Academies, Colleges, and the General Reader. Comprising a 
familiar explanation of the Structure and Functions of the Organs of 
Man, illustrated by comparative reference to those of the Inferior 
Animals. Also, an Essay on the Preservation of Health. By J. 
Comstock and B. M. Comings, M.D. 

In one quarto volume, with fourteen quarto plates, and over eighty engravings on wood, making in all 
nearly two hundred figures. Price, colored, $3.00; or uncolored, $2.25. 
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SKIN DISEASES: their Description, Pathology, Diagnosis, and 
Treatment. By Tilbury Fox, M.D., London, M.R.C.P., Fellow of 
University College ; Physician to the Skin Department of University 
College Hospital. Edited by (with the sanction of the Author) M. H. 
Henry, M.D., Fellow of the New York Academy of Medicine ; Sur¬ 
geon to the New York Dispensary, Department of Venereal and Skin 
Diseases. The Second American from the Third London Edition. Re¬ 
written and enlarged. Illustrated with ninety-three fine engravings. 


In one handsome octavo volume of 55c pages, bound in printed muslin. Price $5.00. 



Just Out. 


Male Acarus Scabiei. 


NOTICES OF THE PRESS. 


ertical Section, through a lupus nodule of the face, treated 
with dilute acetic acid. 


“The spirit of industrious and accurate observation which 
tarks his writings, and moreover, the excellence of his 
lethod, command our hearty approval.”— British and 
foreign Medico-Chirurgical Review. 

“ A safe guide to all who are engaged in the investigation 
f skin diseases.”— The Dublin Quarterly Journal of 
Aedical Science. 

“ We can heartily recommend it to the student as a thor- 
ughly sound and practical guide to the study of diseases 
f the skin, in which he will find all the most recent investi- 


“ Those who are familiar with the volume as last 
issued, in the form of a pocket manual (the former 
English editions were small, thick i8mo’s—Am. 
Pub.), will now find its successor launched forth as 
an imposing octavo, luxurious both as to paper and 
type. This is, in our opinion, a great improvement. 
We must confess to a virtuous horror of pocket 
manuals, as recalling days when medical students 
were less sensible and industrious than, happily, 
they now are. Not only is this volume much en¬ 
larged, but is also recast in parts and re-written. 
One of the most important new features is the addi¬ 
tion of many new illustrations, of which there are 
now nearly one hundred in the volume. The au¬ 
thor has taken great pains to include the latest 
researches in dermatology in this edition ; and we 
can, therefore, unhesitatingly recommend the book 
to our readers. Without question, it is now the 
most complete and practical work on cutaneous 
medicine in the English language. The ordinary 
student will find in it all that he can desire, and 
will only be led by its tone to wholesome methods 
and higher flights of research ; while the ptactition- 
er will fall back upon its resources with satisfac¬ 
tion and with fresh resolves.”—Notice of the new 
edition in the Loudon Lancet , Feb. 8, 1873. 
gations into the etiology and pathology of these affections, 
while to the practitioner it will prove an eminently useful 
handy-book of reference.”— Edinburgh Medical Journal. 

“ It is clear, concise, and practical. The book is practical 
and richer in valuable contents than any other book on the 
subject, of such small bulk.”— Richmond and Louisville 
Medical Journal. 

“ We would advise all practitioners of medicine to get this 
practical work and study it.” — Leavenworth Medical 
Herald. 
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THE STUDENT’S BOOK O 
AND DISEASES OF THE SI 

In one handsome octavo volum 

“ In publishing a Student’s Rook of Cutaneous Medicine 
and Diseases of the Skin, we believe that we are supplying 
a want in Medical Literature. In the present work we have 
framed a Classification founded on the Clinical History of 
Diseases of the Skin ; we have arranged these Diseases 
into twenty-two groups ; and we believe that for all prac¬ 
tical purposes, the arrangement will be found sufficiently 
simple and comprehensive. We have preceded our chapters 
devoted to the twenty-two groups of Diseases, by one on 
the Anatomy and Physiology of the Skin ; and we have 

F CUTANEOUS MEDICINE 
CIN. By Erasmus Wilson, F.R.S. 

e, extra muslin. Price $3.50. 

followed the chapter on Anatomy and Physiology- by one 
on the Pathology of the Skin, and the classification of its 
Diseases.”— Extract from Preface. 

“Of the unexceptionable character of the groundwork of 
Dr. Wilson’s Manual there cannot be a doubt, for it is 
the experience of many years in a large practice conscienti¬ 
ously devoted to the investigation of what might be the 
soundest principles, and their safest practical application.” 
— London Lancet. 

A MANUAL OF DISEASES 

French of MM. CAZENAVE & £ 
by Thomas H. Burgess, Skin 
American Edition from the last P 
Bulkley, M.D., Physician to the 
College of Physicians of New Y01 

One very handsome octavo volume c 

“There is no text-book on diseases of the skin, now in 
the hands of the profession, which is so universally accepted 
as-reliable authority, as that of Cazenave and Schedel.”— 
Ohio Medical and Surgical Journal. 

OF THE SKIN. From the 

iCHEDEL, with Notes and Additions 
Dispensary Physician, etc. Second 
'rench Edition, with Notes by H. D. 

New York Hospital, Fellow of the 
'k, Lecturer on Skin Diseases, etc. 

>f 348 pages. Extra muslin, $2.00. 

“This is eminently a practical work, and we know of no 
treatise on skin diseases better suited to the wants of the 
general practitioner.”— Buffalo Medical Journal. 

OF NATURE AND ART IN THE CURE OF DISEASE. 
By Sir John Forbes, M.D. (Oxon.), F.R.S., Fellow of the Royal Col¬ 
lege of Physicians, Physician to the Queen’s Household, etc., etc. 
From the Second London Edition. 

One very neat duodecimo volume, bound in muslin. Price $ 

A TREATISE ON VENEREA 
(De Cassis), Surgeon of the Vei 
the Traits de Pathologie Externe 
Translated and Edited by Georg 
R oyal Medical and Chirurgical 
'Edition. 

In one handsome octavo volume of 500 pages, with 

muslin, $4.50 

“ One of the most valuable works that has recently been 
issued from the press.”— Medical Examiner. 

“We regard the present work as the best general treatise 
that has ever been published on Syphilis, and are much 
mistaken if it does not soon become the authority of the 
day. The colored illustrations are the most beautiful and 
faithful things of the kind we have yet seen.”— Medical 
Chronicle 

“The best general treatise on Syphilis extant.”— Langston 
Parkrr, Surgeon to the Queen's Hospital, Birmingham. 

“To every country practitioner we say, obtain the work 

l L DISEASES. By A. Vidal 

lereal Hospital of Paris ; Author of 
et de Medecine Operatoire, etc., etc. 
e C. Blackman, M.D., Fellow of the 
Society of London, etc., etc. Third 

Eight Superb Colored Plates, strongly bound in 

of Vidal. The precepts are excellent, the plates magnifi¬ 
cent ”— Georgia Blister and Critic. 

“We do not know a better.”— New Jersey Medical 
Reporter. 

“We have never seen a book on this subject which ap¬ 
peared so well calculated to meet the wants of students 
and young practitioners as this.”— New Hampshire Jour¬ 
nal of Medicine. 

“A better work than this of Mr. Vidal’s is not extant.”— 
IVestern Lancet. 

“Of inestimable value to the practitioner both for its 
principles and practice.”— N. O. Med. and Surg. Jour. 

THE TREATMENT OF VEN 

graph on the Method Pursued 
direction of Prof. VON SlGMUND 
Henry, M.D., Surgeon to the N< 

In one octavo volume, bound 

“ There is to be gained in its pages the vast treasures of 
knowledge which Von Sigmund has acquired in years of 
patient and brilliant research. It is a work of rare merit.” 
— Richmond and Louisville Medical Journal. 

“ The Formula; alone will give the volume a large circu- 

EREAL DISEASES: A Mono- 
n the Vienna Hospitals. Under the 
including all the formulae. By M. H. 
ew York Dispensary, etc., etc. 

in extra cloth. Price $ 

lation, embracing, as they do, all in use in the Vienna Hos¬ 
pital, the value of which, with the remarks ot the author, 
cannot be too highly esteemed by the busy practitioner.”— 
Georgia Medical Companion. 


A MANUAL OF CHEMICAL PHYSIOLOGY. Including its 

Points of Contact with Pathology. By J. LOUIS W. THUDICHUM, 
M.D.j M.R.C.P. 

One volume octavo, bound in muslin. Price $2.25. 


















WM. WOOD &-■ C0:s MEDICAL PUBLICATIONS. 


DISEASES OF THE URINARY ORGANS; Including Stric¬ 
ture of the Urethra, Affections of the Prostate, and Stone in the 
Bladder. By J. W. S. GOULEY, M.D., late Professor of Clinical Surgery 
and Genito-Urinary Diseases in University of New York, Surgeon to 
Bellevue Hospital, etc., etc. With 130 engravings on wood. 


Stricture of Urethra treated by Divulsion. 
Asa means of diagnosis. 


ga ^ — . 

Dieulafoy’s Aspirator. 


Dolbean’s Lithoclast in position, with a Calculus between 
its iaws. 


In one handsome octavo volume, bound in 
extra muslin. Price, -$3.75. 

COMMENTS OF THE PRESS. 

“ I>r. Gouley’s abilities as a practitioner are unques¬ 
tioned, his success as a teacher also has been amply proved, 
and the present work gives evidence, both in matter and in 
style, that he is entitled to rank equally high as a clear and 
instr ictive writer.”— Popular Science Monthly. 

“This excellent work purports to be upon diseases of the 
urinary organs. It has, however, a more particular refer¬ 
ence to the surgery of those organs, and upon a casual 
reading, seems to be a full and complete expose of such 
matters.”— Ind. Journal of Medicine. 

“ We are glad to welcome this able contribution to Ameri¬ 
can surgical literature. It is not so exhaustive as the trea¬ 
tises of Sir Henry Thompson on Stricture and on Lith¬ 
otomy, nor does it pretend to be, but it is a very clearly- 
written and practical guide, and will be found useful to a 
large class of readers. Its mechanical execution is very- 
creditable, and it contains remarkably few typographical 
errors.”— Philadelphia Medical Times. 

“ Having on different occasions, during the last six years, 
enjoyed the privilege of witnessing the performance by 
Prof. Gouley of some of the most difficult and important 
operations on the genito-urinary organs, and having been 
profoundly impressed with his consummate skill and ability 
as a practical surgeon, we hailed with eagerness the promise 
of a monograph from his pen on a class of diseases to which 
he had given special attention. ***** No practi¬ 
tioner who undertakes the treatment of the urinary organs 
can afford to be without it. It will, we are confident, give 
him a high position among the recognized authorities in 
the specialty with which his name has been for some years 
honorably associated.”— Chicago Medical News. 
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URINE EXAMINATIONS FOR MEDICAL STUDENTS 

AND PRACTITIONERS. By Henry G. Piffard, M.D. 



THE MECHANISM OF THE OSSICLES OF THE EAR 
AND MEMBRANA TYMPANI. By H. Helmholtz, University 
of Berlin, Prussia. Translated by Albert H. Buck and Normand 
Smith, of New York. 

In one volume octavo, illustrated. Price $1.25. 



Bones ot the Ear. 


Bony portion of the external Auditory Canal 
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PRINCIPLES AND PRACTICE OF OBSTETRICS. By 

GUNNING S. Bedford, A.M., M.D., formerly Professor of Obstetrics, 
the Diseases of Women and Children, and Clinical Obstetrics, in the 
University of New York ; author of Clinical Lectures on the Diseases 
of Women and Children. Fourth Edition. Illustrated by four colored 
lithographic plates and ninety-nine wood engravings. 
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Vaginal Examination. 


One superb octavo volume of over 800 pages, 
Price, cloth, $5.50; sheep, $6.50. Eighth thousand. 
Carefully revised and enlarged. 


NOTICES OF THE PRESS. 

“The striking and prominent characteristics of Dr. Bedford’s 
Book are—its great simplicity, its rare felicities of style consti¬ 
tuting it one of the most readable and scientific works ; its 
admirable plan and systematic arrangement of subjects ; the 
thoroughness with which they are treated ; the complete mastery 
of the science and art of obstetrics, and the profound research 
displayed by the author in every part; the soundness, judicious¬ 
ness, and conservatism of the views presented ; its beautiful 
symmetry of proportion, every topic being investigated accord¬ 
ing to it? practical importance ; the just and impartial judg¬ 
ment with which all controverted points are discussed ; the 
enthusiasm and love of science, combined with a beautifully 
sincere and high appreciation of the noble qualities of women, 
equally creditable to the heart and head of the writer; the 
rare and extensive personal experience, strongly marked indi¬ 
viduality, and thorough acquaintance with all facts, discoveries, 
and researches bearing on the art and science of obstetrics. In 
all these respects, in matter and arrangement, in philosophic 
views, in elegance as well as eloquence of expression, there is 
no work in the English language on the same subject which, 
in our judgment, can compare with it. For these and other 
reasons already stated, we have no hesitation in commending 
the book to both student and practitioner, as the ablest, safest, 
and most enlightened guide on obstetrics accessible in the English 
language .’’—New York American Medical Times. 

“We have read Dr. Bedford’s book from the first page to the 
last; and truly it is an honor to our country. The work, the 
more we study it, leads us the more to appreciate the amount 
of research and labor expended upon its production. Whether 


as a representative of American medical literature, 
and exponent of American educational talent, or for 
its intrinsic merits as a practical Treatise on Ob¬ 
stetrics, we may proudly compare it with any similar 
foreign publication. This volume must become a 
Text-Book in the Colleges of the United States. 
Our exchange journals vie with each other in ex¬ 
pressions of admiration ; and the greatest fault we 
can find with the work is, not that any oortion of it 
is bad, but that some parts are so superlatively ex¬ 
cellent that even the brilliancy of others is obscured. 
Hereafter, whether as Student or Practitioner, the 
obstetrician will need no other book as instructor, 
guide, or Authority, than ‘ Bedford's Principles 
and Practice.'"—New York American Medical 
Monthly. 

“The work of Dr. Bedford is, as its title implies, 
a complete Systematic and Practical Treatise upon 
Obstetrics, brought up to the existing state of the 
science, and embracing the anatomy, physiology, 
signs, and diseases of pregnancy, parturition, and 
child-bed. All these subjects, with the physiological 
disquisitions arising out of some of them, are dis¬ 
cussed. Assuredly, so comprehensive a course 
was never, perhaps, before given. The volume is 
evidently the result of much labor and research, 
and contains a vast deal of information, and that of 
a recent kind, upon nearly all the subjects connected 
directly or indirectly with midwifery.”— London 
British and Foreign Medico-Chirurgical Re¬ 
view. 

“We cordially recommend it as the Text-Book 
on Obstetrics.”— Chicago Medical Rxaminer. 

“As a practical guide it is a truly excellent one— 
perhaps in this respect it is unsurpassed.”— Glasgow 
Medical Journal. 

“ It is systematic in its arrangement, clear and 
explicit in its teachings.”— Ameri~an journal of 
Medical Sciences. 





Fourth position of vertex. 
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A TREATISE ON THE THEORY AND PRACTICE OF 
OBSTETRICS. By W. H. Byford, A.M., M.D., Professor of Ob¬ 
stetrics and Diseases of Women and Children in the Chicago Medical 
College, etc. Illustrated with one hundred and fifty wood engravings. 

In one handsome octavo volume. Price, bound in muslin, $4.50. A rewritten and thoroughly 

revised edition. 



Double Placentae. 


NOTICES OF THE PRESS. 


“ Prof. Byford is so well known to the mass of profes¬ 
sional readers, that nothing is required as an introductory 
of him. It is well known that he has been recognized as an 
authority in connection with his individual specialty for 
many years. The volume here noticed has one great merit 
—conciseness and clearness o r expression. That portion of 
the work wherein the mechanical details of the obstetric art 
are considered, contains all of the information to be gained in 
many works of more pretentious appearance, and will be 
always consulted by the busy physician or equally busy 
student with advantage.— Richmond and Louisville Med¬ 
ical Journal. 

“A careful reading of this book convinces us that the 
author has succeeded well in his design, and has produced 
a work of genuine worth, and one we are certain no ‘ intelli¬ 
gent obstetric practitioner ’ will neglect having in his liberty.” 
—-Levenworth Medical Journal. 

“ Prof. Byford has been long and favorably known to the 
professional public, by his numerous communications to the 
medical press, his previously published elaborate books, and 
by his widely extended private and consultative practice. 
. . . Prof. Byford’s book is fully up to the times, and a 

successful exposition of the subject.”— Chicago Medical 
Journal. 

“ Byford’s Obstetrics affords the student and practitioner 
the science and practice of the art in the most available 


form. It is complete, though not large; it is full and per¬ 
fect, and still is compressed into compaiatively small space. 
It contains what is known, and commends itself to the pro¬ 
fession, and especially to medical students, by its plain, 
well-considered, complete teachings. Everything that can 
be said in favor of any work on this subject can be said of 
it.”— Buffalo Medical Journal. 

“ The publishers have gotten up the book in very good 
style. It is printed on good paper, in a good clear type, 
and the illustrations, which are numerous, are fully equal to 
those of ordinary standard works.”— Cincinnati Medical 
Reporter. 

“ With the elaborate and well established works of 
Hodge. Meigs, Bedford, Cazeaux, Ramsbotham, and others 
occupying the field, it requires some courage to place one’s 
reputation at risk by an additional venture in the same de¬ 
partment. But the design of Prof. Byford in preparing 
this volume is one which every student at least„if not most 
practitioners, will appreciate. It is to present the subject in 
a more concise form, and free from many discussions on 
disputed points which occupy so much of most of our text¬ 
books. Accordingly, we find here condensed into 450 pages 
the essentials of midwifery, constituting a text-book much 
more manageable than any of the excellent treatises above 
mentioned.”— Pacific Medical and Surgical Journal. 


THE URAEMIC CONVULSIONS OF PREGNANCY, PAR¬ 
TURITION, AND CHILDBED. By Carl A. Braun, M.D., 
Professor of Midwifery, Vienna. Translated from the German, with 
Notes by J. M. Duncan, M.D. 


One neat duodecimo volume, muslin binding. Price $1.00. 


“It contains, in a condensed form, the most complete and 
reliable history of this affection yet published.'’— N. V. 
Journal of Medicine. 

“ We advise all who feel interested in the subject, to pro¬ 


cure it, as it will fully repay the persual.”— St. Louis Med¬ 
ical and Surgical Journal. 

“A most valuable essay, and one that will not be easily 
rivalled for its completeness and erudition.”— Dublin Med¬ 
ical Press. 
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HYSTEROLOGY ; A Treatise, Descriptive and Clinical, on the 

DISEASES AND THE DISPLACEMENTS OF THE UTERUS. 



By E. N. Chapman, M.A., M.D.,late 
Professor of Obstetrics, Diseases of 
Women and Children and Clinical 
Midwifery in the Long Island Col¬ 
lege Hospital. 


In one octavo volume of over five hundred pages, 
finely illustrated with superior woodcuts. 
Price $4.50. 


NOTICES OF THE PRESS. 

" His book is well worth reading. It is eminently clini¬ 
cal.”— Loudon Medical Times and Gazette. 

“ The book discusses very fully, and with the addition of 
numerous cases, most of the so-called functional or non- 
organic diseases of the Uterus and its appendages. . . . 

It is fairly full and complete, and it has the very great merit 
of being based entirely upon clinical observations.”— London 
Lane1 1 . 

“ He has contributed valuable clinical cases, and his 
treatment appears satisfactory in most instances.”— Buffalo 
Med. and Surg. Journal. 

“We trust it may be the good fortune of our professional 
friends to have in its perusal the pleasure and profit which 
we have experienced.”— Detroit Review of Med. 


Procidentia, Vaginocela and Cystocele. 


HOW TO NURSE SICK CHILDREN: Intended especially 
as a help to the Nurses at the Hospital for Sick Children ; but contain¬ 
ing directions that may be found of service to all who have the charge 
of tl young. By CHARLES WEST, M.D. 

In one i8mo volume, bound in muslin. Price 50 cents. 

‘‘Should be in the hands of every one who has charge of I It is beyond value. Nelson s American Lancet. 
children.” — Western La>icet. ' 


VESICO-VAGINAL FISTUL/E, FROM PARTURITION 
AND OTHER CAUSES: with cases of Recto-Vaginal Fistula. By 
Thomas Addis Emmet, M.D., Surgeon-in-Chief to the New York 
State Women’s Hospital. 

In one octavo volume, illustrated, bound in muslin. 

Price $2.75. 

“A careful and painstaking record of many cases of vesico-vaginal 
fistula, arising from all sorts of causes. The operations necessary in 
each case are clearly described.”— Medical Times and Gazette 

“No work of its size has so much enriched the literature of Gynae¬ 
cology as this one.”— Medical Record. 

“ Certainly no one is more competent to give an opinion in the 
matter than Dr. Emmet, for his experience has been great indeed.’’ 

— Cincinnati Medical Repertory. 

“ As to the physique of the book, if we have any fault to find, it 
ti with the elegance of its workmanship and costume, in which respect 
it puts to blush its shelf-companions.”— Pacific Medical and Sur¬ 
gical Journal. Fistula of triangular shape. 

ESSAYS ON INFANT THERAPEUTICS ; to which are added 

Observations on Ergot; History of the Origin of the Use of Mercury 
in Inflammatory Complaints ; with the Statistics of the Deaths from 
Poisoning in New York, in the Years 1841-2-3. By JOHN B. BECK, 
M.D. Third Edition. 

One very neat duodecimo volume, muslin. Price $1.00. 

“ A perfect gem. We regard it as one of the most useful I “An excellent little work, from the very highest authority.” 

books m our library.”— New Jersey Medical Reporter. | — Western Lancet. 
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THE DISEASES OF WOMEN AND CHILDREN. By 
Gunning S. Bedford, A.M., M.D., Professor of Obstetrics, the Dis¬ 
eases of Women and Children, and Clinical Obstetrics in the University 
of New York ; author of the “ Principles and Practice of Obstetrics.” 

One volume octavo, 670 pp. Muslin, $4.00. Leather, $5.00. Ninth Thousand, carefully revised 

and enlarged. 


" Successful as the work has been at home and abroad, 
we were not prepared to see it achieve a success exceeding¬ 
ly rare in the history of American medical authorship, viz., 
a Translation into the French, anil German languages. 
We congratulate the author upon this high compliment paid 
to his labors in the still new field of uterine pathology, 
where so many struggle vainly for reputation.”— American 
Medical Times. 

“ We hail the advent of such a work, abounding in 
practical matter of the deepest interest, and illustrated by 
principles and laws ordained by nature. Nor can we re¬ 
frain from expressing our surprise and gratification at find¬ 
ing the book so remarkably exempt from the superficial views 
that abound in the great thoroughfare of medicine.”— N. Y. 
Journal of Medicine and the Collateral Sciences. 

“ Dr. Bedford’s book is worthy of its author, a credit to 
his country, and a valuable mine of instruction to the pro¬ 
fession at large. We are quite sure that it will be a wel¬ 
come addition to professional libraries in Great Britain as 
well as America.”— British and Foreign Medico- Chirur- 
gical Review. 

“ An examination of this work convinces us that the 
author possesses great talent for observation, and that his 
opinions are sound and practical. He shows an intimate 
knowledge of the doctrines of the ancients and the opinions 
of the moderns. The variety of instruction contained in 
this volume, the ability with which it is presented, and 
the truthful, practical character of the doctrines advanced, 
give to it very great value.”— Gazette Medicate , Paris. 

“ We were actually fascinated into reading this entire 
volume, and have done so most attentively ; nor have we 
ever read a book with more pleasure and profit. There is 


not a disease connected with infancy or the female system 
which is not most ably discussed in this excellent work.”— 
Dublin Quarterly Journal of Medical Science. 

“We think this the most valuable work on the subject 
ever presented to the profession. We have persued every 
page of the book with interest, and speak, therefore, from 
personal knowledge.”— Cincinnati Medical Journal. 

“A careful pursual of Dr. Bedford’s bo .k has led us to 
believe that its value will continue to be acknowledged, and 
the author recognized as a most able and acute practitioner 
of medicine. The work is of the most practical character ; 
every thing is made to tend toward the relief and treaunent 
of disease, and remarkable skill is shown in quickly arriv¬ 
ing at an accurate diagnosis. To get at once to the point 
is the pervading characteristic of the author’s teachings. 
We cordially recommend it to all practitioners and students 
of medicine.”— London Lancet. 

“ It is to be regretted that we have not more such books 
in Great Britain.”— Loudon Medical Times and Gazette. 

“ The style of the author is very graphic. The book not 
only proves Dr. Bedford to be a sound physician and an 
an excellent clinical teacher, but it also affords evidence of 
an extensive acquaintance on his part with the literature of 
his subject on this side of the Atlantic.”— London British 
Medical Journal. 

“ To read this work is to be struck with its truthfulness 
and utility ; we find all that is useful in practice ably com¬ 
municated, and elegantly expressed. American works are 
not generally read on tni< . ide of the Atlantic, but we re¬ 
commend Dr. Bedford’s nook as worthy of the best atten¬ 
tion of the profession.”— Midland Quarterly Journal of 
the Medical Sciences, London. 


RESEARCHES IN OBSTETRICS. By J. Matthews Duncan, 
M.D., Lecturer on Midwifery and Diseases of Women and Children in 
the Surgeons’ Hall Medical School of Edinburgh. 

In one octavo volume, bound in muslin. Price $6.00. 


“No more valuable contributions to the science of Ob¬ 
stetrics have been offered to the profession in recent times : 
and no practitioner can flatter himself that he is abreast of 
the age who has not bestowed attention on Dr. Duncan’s 
Researches.”— Edinburgh Medical Journal. 


“The entire volume is full of instruction ; and the prac¬ 
titioner will be amply compensated for the time spent in 
its careful perusal.”— American Journal of Medical 
Science. 


BY THE SAME AUTHOR: 

FECUNDITY, FERTILITY, STERILITY, AND ALLIED 

TOPICS. Second edition. 

In one octavo volume, bound in muslin. Price $6.00. 

“The work on Fecundity, Fertility, etc., by Dr. Duncan of Edinburgh, is a most valuable and interesting one.”— 
American Journal of Medical Science. 


BY THE SAME AUTHOR: 

A PRACTICAL TREATISE ON PERIMETRITIS AND 

PARAMETRITIS. 

In one i2mo volume, bound in muslin. Price $2.50. 

. . . ._ “Thorough ability, power of getting to the I servation mark the'present, as Dr. Duncan’s former pub- 
bottom of his subjects, acute criticism, and careful ob- | lications.”— Medical Times and Gazette. 


BY THE SAME AUTHOR 


ON THE MORTALITY OF CHILDBED AND MATER¬ 

NITY HOSPITALS. 


In one octavo volume, bound in muslin. Price $2.50. 
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CLINICAL NOTES ON UTERINE SURGERY, with special 

reference to the Management of the Sterile Condition. By J. MARION 
SlMS, A.B., M.D., late Surgeon to the Woman’s Hospital, New York ; 
Fellow of the New York Academy of Medicine. 

In one very handsome octavo volume, neatly bound in muslin, illustrated wit’ one hundred and forty- 

two fine wood engravings. Price $4.00. 



Sims’ tenaculum forked Sound, for operations 
on the Vagina. 



Mode of holding Sims’ Speculum. 


NOTICES OF THE PRESS. 

“ From the time that Dr. Sims published his first paper, 
in January, 1852, he has always been received with kind¬ 
ness and attention by the profession, and we are sure that 
now these ‘Clinical Notes’ will be valued for the great 
amount of practical and even novel and curious informa¬ 
tion. 

“ The volume should be in the hands of every practitioner, 
young and old. Whilst its teachings are so simple that the 
merest tyro can fully comprehend them, they are replete 
with valuable lessons to the physician of ripe experience. 
We have perused the work with much satisfaction, arising 
from it refreshed rather than sated.”— Pacific Medical 
and Surgical Journal. 

“ He is original in conception, persevering under diffi¬ 
culties, logical in his deduction, and has, above all, opened 
the way to the development of a subject that has been a 
stumbling-block to the medical profession. We commend 
this work to our readers.”— New Orleans Medical and 
Surgical Journal. 


PATHOLOGICAL ANATOMY OF THE FEMALE SEX- 
UAL ORGANS. By Julius M. Klob, M.D., Professor at the 
University of Vienna. Translated from the German by JOSEPH Kam- 
MERER, M.D., Physician to the German Hospital and Dispensary, 
N. Y., and BENJAMIN F. Dawson, M.D., Assistant to the Chair of 
Obstetrics in the College of Physicians and Surgeons, N. Y. 

Vol. I.—AFFECTIONS OF THE UTERUS. 


In one handsome octavo volume, 
“ We welcome this translation of Klob's eminently scien¬ 
tific work as a valuable addition to our standard medical 
literature. Besides much that is original with the learned 
author, it comprises, in a condensed form, the results of the 
laborious investigations in this department of such eminent 
observers as Virchow, Scanzoni, Kiwisch, etc ."—Detroit 
Review of Medicine and Pharmacy. 

“The pathology of the disease of the uterus is presented 
more fully and to more recent date than almost anywhere 


bound in muslin. Price $3.50. 

else in similar works, and on this account mainly do we 
earnestly recommend it to the careful study of all interested 
in the study of the diseases of the uterus.”— Buffalo Med¬ 
ical and Surgical Journal. 

“The work is most elaborate, but not voluminous. . 
. . . The account of the several anatomical items which 

go to make up puerperal fever is highly interesting.”— Med¬ 
ical Times and Gazette. 
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PRACTICAL OBSERVATIONS ON THE ^ETIOLOGY 
PATHOLOGY, DIAGNOSIS, AND TREATMENT OF ANAL 
FISSURE. By William Bodenhamer, A.M., M.D. 

IiV mated by numerous Cases and Drawings. In one octavo volume, bound in muslin. Price $2.25. 



“ The treatise is throughout carefully prepared, and 
we recommend it as a valuable, practical book, worth the 
place in any working library.”— Medical and Surgical 
Reporter. 

“This is a most complete and extensive treatise on this 
very painful and troublesome disease. The work is really 
a history of the disease, comprising an accurate description 
of its ymptoms and pathology, together with the plan of 
treatment. As is the case with all specialties, when treated 


in a separate volume, we get the subject in an extended 
and minute form.”— St. Louis Medical Reporter. 

“ It will be perused with interest and profit by all.”— 
Detroit Review of Medicine. &*c. 

“ We believe that the subject has received full justice 
at the hands of the author, and that the work will be the 
standard on the subject.”— BvJTalo Medical and Surgical 
Journal. 


BY THE SAME AUTHOR. 

THE PHYSICAL EXPLORATION OF THE RECTUM: 

With an Appendix on the Ligation of Hemorrhoidal Tumors. 




Recto-colonic endoscope. 


Illustrated by numerous Drawings. In one octavo volume, flexible muslin. Price $1.25. 


“There are few minor operations of surgery that require 
more knowledge, experience, and tact, in order to be en¬ 
abled to perform them efficiently and satisfactorily, than the 
physical exploration of the rectum, including the segmoid 
(texture of the colon. The natural obstructions in the way 
o( such an examination in those portions of the intestinal 


canal, are many, and others, still more numerous, mav be 
found from disease and other circumstances. These vaii -us 
difficulties can only be successfully met and overcome by 
a complete knowledge of the anatomy of the parts, both 
natural and morbid, and by the adroit use of instruments.” 
—Extract from Preface. 


BY THE SAME AUTHOR. 

A PRACTICAL TREATISE ON THE ^ETIOLOGY, PATH¬ 
OLOGY, AND TREATMENT OF THE CONGENITAL MAL¬ 
FORMATIONS OF THE RECTUM AND ANUS. 

In one very handsome octavo volume of 368 pages. Illustrated by sixteen superb lithographic plates. 

Bound in extra muslin, $4.00. 

“ Must be considered by far the most valuable, if not the only text-book on this subject .”—Boston Medical and Surgical 
Journal. 
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LECTURES ON ORTHOPCEDIC SURGERY, delivered at 


the Brooklyn Medical and Surgical Institute. 
By Louis Bauer, M.D., F.R.C.S., Professor 
of Anatomy and Clinical Surgery ; Licentiate 
of the New York State Medical Society, etc., 
etc. Second Edition, Revised and Aug¬ 
mented. With eighty-four illustrations. 

In one handsome octavo volume, bound in muslin. Price $3.25. 


NOTICES OF THE PRESS. 

“We are especially pleased with the chapters on diseases 
of the spine and joints which occupy a large portion of the 
book. Dr. Bauer has had every opportunity of acquainting 
himself with all the sources of information on the subject, 
and his work will be found as nearly complete as the present 
advanced condition of our knowledge admits of.”— Pacific 
Medical and Surgical Journal. 

“As a treatise on deformities we have very few works 
to compare with it, so thorough and exhaustive has the 
author made its consideration.”— St. Louis Medical Re¬ 
porter. 


Sayre’s Brace for Morbus Coxarius. 




Bauer’s Brace in position. 


.'ETIOLOGY, PATHOLOGY, AND TREATMENT OF 
CONGENITAL DISLOCATIONS OF THE HEAD OF THE 
FEMUR. By John Murray Carnochan, M.D., Lecturer on Opera¬ 
tive Surgery, with Surgical and Pathological Anatomy, etc., etc. 


In one handsome royal octavo volume of 21: pages, muslin binding. Illustrated by beautiful Litho¬ 
graphed Plates. Price $2.00. 


“ By far the most complete and systematic work in the 
English language, and the only 011c which contains any 
directions for treatment.”— British American Medical 
and Physical Journal. 


“ We feel a pride that the first monograph on this subject 
in the English language is. from the pen of an American, 
and that it is creditable to its author. ”— American Journal 
Medical Sciences. 


REPORT OF PROFESSOR VALENTINE MOTT’S SUR¬ 
GICAL CLINIQUES IN THE UNIVERSITY OF NEW YORK. 
Session of 1859-60. By Samuel W. Francis. Illustrated with a 
Steel Portrait of Dr. Mott. 

In one sixteenmo volume, muslin. Price $1.50. 


THE FIRST LINES OF THE THEORY AND PRACTICE 
OF SURGERY ; Including the Principal Operations. By SAMUEL 
COOPER, Senior Surgeon to University College Hospital, and Professor 
of Surgery in the same College, etc. With Notes and Additions, by 
Willard Parker, M.D., Professor of Surgery in the College of Physi¬ 
cians and Surgeons in the University of the State of New York, Etc. 

Fourth edition. Two octavo volumes. Price $5.00. 


THE INFLUENCE OF TROPICAL CLIMATES ON 
EUROPEAN CONSTITUTIONS. By James Johnson, M.D., 
Physician to the late King, etc., and James R. Martin, Esq., late 
Presidency Surgeon, and Surgeon to the Native Hospital, Calcutta. 
From the Sixth London Edition, with Notes by an American Physician. 
In one octavo volume, muslin. Price $3,00. 
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A SYSTEM OF SURGERY, THEORETICAL AND PRAC¬ 
TICAL, IN TREATISES BY VARIOUS AUTHORS. Edited by 
T. Holmes, M.D., Surgeon and Lecturer on Surgery, St. George’s 
Hospital, and Surgeon-in-Chief to the Metropolitan Police. 

W’th numerous Woodcuts, Lithographs, and Chromo-lithographs—in all four hundred and seventy- 
two illustrations—in five volumes octavo. Price, in muslin binding, $45 ; 
or, in half turkey morocco, gilt top, $50. 
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THE PRINCIPLES AND PRACTICE OF SURGERY. By 
Frank Hastings Hamilton, M.D., LL.D., Professor of the Practice 
of Surgery with Operations, and of Clinical Surgery in Bellevue 
Hospital Medical College; Visiting Surgeon to Bellevue Hospital ; 
Consulting Surgeon to the Bureau of Surgical and Medical Relief for 
the Out-Door Poor at Bellevue Hospital; to the Central Dispensary, 
and to the Hospital for the Ruptured and Crippled ; Fellow of the New 
York Academy of Medicine, etc. 

In one royal octavo volume of about 1,000 pages, illustrated by 467 engravings on wood. Price, in 

extra muslin, $7.00; or in leather, $8.00. 



j 


Position of the Klbow when the Humerus is Dislocated 
under the Spine of the Scapula. 


Ilio-Femoral Ligament in its natural position. 



Anatomy of Hip Joint, and Guides for the Knife. 


NOTICES OF THE PRESS. 

“Has evidently been prepared with the greatest care, 
both on the part of the author and his publishers; and as a 
text-book for the student it reflects the highest credit upon 
its well-known and gifted writer. As a text-book for the 
student, or one of reference for the busy practitioner, it un¬ 
doubtedly is one of the best and most modern that has yet 
appeared .”—The Medical Record. 

“ A valuable addition to our list of text-books, an excellent 
work of reference, a credit to our professional literature.”— 
New York Medical Journal. 

“It will be found an excellent and common-sense vol¬ 
ume.” -—London Medical Times and Gazette. 

“This is one of the best text-books upon Surgery which 
We have ever seen, and we recommend it highly to the pro¬ 
fession.”— Chicago Medical Examiner. 

“ Prof. Hamilton’s latest work is one that will add to his 
already high reputation. . . . It is full of valuable prac¬ 
tical suggestions and directions.”— Ant. Journal 0/Medi¬ 
cal Science. 

“American in plan, scientific in method, written in clear 
concise, classical English, Prof. Hamilton’s Surgery is a 
noble legacy to the medical student, an honor to the profes¬ 
sion and an ornament to our native tongue .”—Detroit 
Review 0/Medicine. 
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A TREATISE ON THE DISEASES OF THE EYE, In¬ 
cluding the Anatomy of the Organ. By Carl STELLWAG von Carion, 
M.D., Professor of Ophthalmology in the Imperial University of 
Vienna. Translated from the German, and Edited by D. B. St. John 
ROOSA, M.D., Clinical Professor of the Diseases of the Eye and Ear in 

the Medical Department 
of the University of the 
City of New York; CriAS. 
S. Bull, M.D., formerly 
Assistant Surgeon to the 
Manhattan Eye and Ear 
Hospital; and CHARLES 
E. HACKLEY, M.D , Sur¬ 
geon to the New York 
Eye and Ear Infirmary, 
Physician to the New 
York Hospital, etc. 

Illustrated by numerous fineWood 
Engravings, and eighteen Chromo- 
Litliographs of Diseased Conditions 
of the Fundus of the Eye, all of 
which were done in Vienna expressly 
for this edition. 

In one large octavo volume. 
Price, handsomely bound in muslin, 
$7.00; leather, $8.00. 

A new edition thoroughly revised 
and much enlarged, in press; will 

Operation for Ectropion, caused by a cicatrix in the lid. ready in the summer. 


NOTICES OF THE PRESS. 



“It should be in the hands of every medical man, and no 
one can safely practise Ophthalmology’ who does not regard 
the subject from a standpoint at least as high as Stellwag 
occupies.”— New York Medical Journal. 

“This is one of those complete, exhaustive, magnificent 
monographs which we may look for in vain outside of Ger¬ 
many. All that modern science has lent to the diagnosis, 
all that the most careful observation has contributed to 
the treatment, and all that the most patient research has 
furnished to the pathology of diseases of the Eye, are 
gathered together in this comprehensive volume.”— Phila¬ 
delphia Medical and Surgical Reporter. 

“ We must reluctantly content ourselves with a simple in¬ 
dorsement of this book, as the most complete and trust¬ 
worthy compendium of Ophthalmology that has been of¬ 
fered to American physicians : ince the appearance, many 
years ago, of the great but now in many respects 
obsolete works of Mackenzie and Lawrence. ”— St. 

Louis Medical and Surgical Journal. 

“ Of the work, as a whole, it is scarcely’ necessary 
that we should speak. A third edition of a book 
of such magnitude means in Germany’ very much 
what it would mean in England, that the ordeal 
of criticism had been passed successfully ; and 
the translators are fully justified in calling it ‘ a 
text-book which is regarded as one of ihe best in 
the German language.’ It deals fully and accu¬ 
rately with every branch of the subject to which 
it relates.”— London Lancet. 

“The rapid advance, by the united labors of 
Graefe, Helmholz, Donders, Stellwag, and others, 
the science has made in the last sixteen y’ears, 
very naturally led us to look to Germany for the 
first appearance of a systematic treatise which should 
embody' the present advanced stage of ophthalmic 
medicine and surgery. Prof. Stellwag has fur¬ 
nished us with such a treatise. It is a library in 


itself, and should be in the hands of everv man.”— Detroit 
Review of Medicine and Pharmacy. 

“ It is indeed a great work, and will take its place as 
a standaid authority in every’ medical library’.”— Pacific 
Medical and Surgical Journal. 

“We have no hesitation in saying that this work, as a 
whole, is far the best which has yet appeared in English ; 
and as a book of reference for the consultation of authority’ 
in matters pertaining to the Eye, is probably’ without its 
superior, even if it has its equal in any language.”— Ameri¬ 
can Journal of the Medical Sciences. 

“ In excellence of anatomical description, of pathological 
views, recent and rational ; in the classification and details 
of disease, and in therapeutics, Stellwag takes its place as 
the best authority accessible in the English language.”— 
Western Journalof Medicine. 






Excision of Pterygium. 
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A TREATISE ON INTRA-OCULAR TUMORS. From OrigL 
nal Clinical Observations and Anatomical Investigations. By H. Knapp, 
M.D., late Professor of Ophthalmology, and Surgeon to the Ophthalmic 
Hospital in Heidelberg. Translated by S. Cole, M.D., of Chicago 

With one Chromo-lithograph and fifteen Lithographic Plates, containing very many figures. 

In one octavo volume, bound in muslin. Price $3.75. 


OPHTHALMIC MEMORANDA, RESPECTING THOSE 
DISEASES OF THE EYE WHICH ARE MORE FREQUENTLY 
MET WITH IN PRACTICE. By JOHN Foote, Fellow of the Royal 
College of Surgeons in London, etc., etc. 

l8mo, extra muslin. Price 50 cents. 


TEST-TYPES FOR DETERMINATION OF ACUTENESS 
OF VISION, MYOPIA, RANGE OF ACCOMMODATION, etc. 
Corresponding to the Schrift-Scalen of EDOUARD JAEGER. 

In one quarto volume. Price 75 cents. 


MEMORANDA OF OPHTHALMOLOGY AND OTOLOGY. 

By D. B. St. J. Roosa, M.D. 

32mo. Preparing. 


ARCHIVES OF OPHTHALMOLOGY AND OTOLOGY. 

Edited and published simultaneously in English and German. By Prof. 
H. Knapp, M.l)., in New York, and Prof. S. Moos, M.D., in Heidel¬ 
berg. Four numbers to a volume. Subscription price, $5.00 per vol. 


RHINOSCOPY AND LARYNGOSCOPY: their Value 
in Practical Medicine. By Dr. FREDERICK Semeleder, Member of the 
Royal Medical Society of Vienna, etc. Translated from the German 
by Edward T. Caswell, M.D. 



With Woodcuts and two Chromo-lithographic Plates. In one handsome octavo volume, bound in 

musiin. Price $3.25. 

* * * * “In a somewhat careful reading of this book I believe this will be the verdict of the professional public to 
we have found much that is of practical value, and we | whom it comes.”— New York Medical Journal. 


SPINAL IRRITATION ; or, the Causes of Back-Ache among 
American Women. From the Transactions of the Medical Society of 
the State of New York for 1864. By CHARLES Fayette TAYLOR, 
M.D., of New York. 

Fully illustrated with Fifteen Lithographic Plates, octavo. Price 50 cents. 
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THE MEMBRANA TYMPANI IN HEALTH AND DIS¬ 
EASE. Clinical Contributions to the Diagnosis and Treatment of Dis¬ 
eases of the Ear, with Supplement By Adam POLITZER, of the Uni¬ 
versity of Vienna. Translated by 
A. Mathewson, M.D., and H. G. 

Newton, M.D., Assistant Surgeons 
of the Brooklyn Eye and Ear Hos¬ 
pital ; Members of the American 
Ophthalmol, and Otol. Societies. 



Diseased Membrana 
Tympani. 


Illustrated by Wood Engravings, and twenty- 
four Chromo-lithographs. 



In one octavo volume, bound in muslin. 


Diseased Membrana Tympani. 
Price $2.50. 


LECTURES ON AURAL CATARRH; or, Tiie Commonest 
Forms of Deafness and their Cure. By Peter Allen, M.D. 

A very neat umo volume of 292 pages, with many illustrations, bound in extra muslin. Price $2.00. 



The Membrana Tympani, etc. 
(Seen from the outside.') 


NOTICES OF THE PRESS. 

“Aural Catarrh in all its various forms, and in its com¬ 
plications with the throat, is treated of in a manner at once 
interesting and satisfactory. It is quite up to the improve¬ 
ments of the present day.”— Cincinnati Lancet. 

“We can heartily commend this little volume on account 
of its simplicity of style and completeness of detail.”— 
Indiana Journal of Medicine. 

“The hope of the author that it may be of help in telling 
the physician ‘ how to examine, what to look for, and when 
to find the disease in a case of aural catarrh,’ is, we think, 
fully realized, and we look upon his work as a valuable 
guide to the general practitioner.”— Buffalo Medical and 
Surgical Journal. 

“ Full of valuable information for the general practitioner. 
We find here an explanation of many conditions which are 
often overlooked or misinterpreted by others than those who 
devote themselves to the specialty of aural diseases.”— 
American Journal of Insanity. 



Improved Politzer Bag, with nasal pad attached. 


“ A class of diseases that is liable to destroy one of the 
most important of the five senses, should have a lively inter¬ 
est taken in it. What better, then, can a physician do than 
to possess himself of a little work like Dr. Allen’s, in which 
the commonest forms of deafness and their cure are treated 
of in the familiar manner of the lecture-room ? ”—Cincinnati 
Medical News. 

“ It forms one of the most reliable manuals upon Aural 
Catarrh that can be placed in the hands of the practitioner. 


, . . It will be of immense service to the general practi¬ 
tioner, enabling him to treat the most ordinary cases of deaf¬ 
ness with confidence, and to prevent the more serious ones 
from attaining that condition which eventually renders them 
insusceptible of amelioration, even by the most intelligently 
directed efforts. It is a work, then, admirably adapted to 
the requirements of general practice, and one which we 
especially recommend to the student in otology and to the 
busy' practitioner .”—The Medical Record. 
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A PRACTICAL TREATISE ON THE DISEASES OF THE 

EAR, including the Anatomy of the Organ. Illustrated by many wood 
engravings and by chromo-lithographs. By D. B. St. John ROOSA, 
M.D., Clinical Professor of Diseases of the Eye and Ear in the Univer¬ 
sity of the City of New York, Surgeon to the Manhattan Eye and Ear 
Hospital. 

In one large octavo volume, fully illustrated with fine wood engravings, bound in extra muslin. 

Price $5 oo; or, in leather, $6 oo. 



Normal Auricle. 



Deformed Auricle by Inflammation. 


Effects of Othaematoma. 



Method of holding Speculum in position. 
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DISEASES OF THE THROAT; Embracing Affections of the 
Pharynx, (Esophagus, Larynx, Trachea, and Nasal Passages. By J. 
Sous Cohen, M.D. 


In one handsome octavo volume of 
nearly six hundred pages, with upwards 
of one hundred and thirty fine wood 
engravings. Price $5.00. 


The Publishers take pleasure in 
presenting this new work of Dr. Cohen 
to the Medical Profession. For a long 
time no work in the English language 
has been obtainable treating so fully on 
this subject, and the established reputa¬ 
tion of the author in his specialty 
warrants us in believing that his book 
will be found of great practical value. 


NOTICES OF THE PRESS. 



“The best treatise extant on the subject”— 
Philadelphia. Medical Times. 

“ Dr. Cohen’s work supplies a want long 
. and urgently felt. His descriptions of diseases 
•are clear and accurate, while his directions for 
•treatment are simple and practical.”— The 
Medical Record. 

“There is certainly no treatise in our lan¬ 
guage which embodies to so great an extent the 
knowledge and experience of the profession in 
all parts of the world on the topics concerned.” 

—Pacific Med. and Surg. Journal. 

“ Dr. Cohen treats his subjects in a pleasing and intelli¬ 
gent manner, and in language which will be readily 
understood by the general practitioner as well as by the 
specialist.”— Buffalo Med. and Surg. Journal. 

“ We have read this work with much satisfaction, and 
take pleasure in inviting to it attention not only the of physi¬ 


The laryngoscopic mirror in position. 

cians specially interested in the subjects of which it treat-;, 
but of general practitioners. It is a work adapted to the 
student as well as to the practitioner. The former will find 
it an admirable treatise upon the affections which it con¬ 
siders, and the latter a practical guide to their treatment.” 
—Am. Journal 0/ Medical Science. 



Follicular Pharyngitis. 



Gelatinoid Nasal Polyp. 



Rhinoscopic view of Glandular Vegeta¬ 
tions at Vault of Pharynx. 
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A TREATISE ON APOPLEXY, CEREBRAL HEMORR¬ 
HAGE, CEREBRAL EMBOLISM, CEREBRAL GOUT, CERE¬ 
BRAL RHEUMATISM, AND EPIDEMIC CEREBRO-SPINAL 
MENINGITIS. By John A. Lidell, A.M., M.D. 

In one volume octavo, bound in extra printed muslin. Price $4.00. 


NOTICES OF THE PRESS. 


" We think the modest hope of the author, as expressed 
in the preface to this excellent monograph, that it will prove 
interesting ani useful to those who read it, will be fully 
realized. * * * We heartily recommend the work of 

Dr. Lidell to the profession as one of very great value.”— 
Philadelphia Medical Times. 

“The views of pathology and therapeutics are in accord 
with the most recent doctrines and observations, and will, 
in the main, prove reliable as guides in practice.” —Cincin¬ 
nati Lancet, August, 1873. 


“To all friends of ours who are engaged in the study or 
treatment of cerebral diseases, we cordially commend this 
work as the most complete and satisfactory of any that we 
have seen. The mechanical execution of the work is excel¬ 
lent.”— Detroit Review, March, 1873. 

“The account of apoplexy viewed in its practical aspects, 
is first rate ; the descriptions are clear, and the differen¬ 
tiation of the several varieties are excellent and well pre¬ 
sented, so that the attentive perusal of the work cannot but 
prove interesting and instructive to the reader as the prepa¬ 
ration of it has been to the author.”— N. Y. Medical Journal. 


JUST READY: 

A HAND-BOOK OF MEDICAL AND SURGICAL REF¬ 
ERENCE. By JOHN A. WYETH, M.D., Member of the New York 
Pathological Society, Member of the New York County Medical So¬ 
ciety, Assistant Demonstrator of Anatomy at the Bellevue Hospital 
Medical College. 

A handsome i8mo volume. Price: cloth, $1.25; tucks, $1.50; 


SURGICAL OBSERVATIONS, WITH CASES AND OPER¬ 
ATIONS. By J. Mason Warren, M.D., Surgeon to the Massachu¬ 
setts General Hospital, Fellow of the American Academy of Arts and 
Sciences, etc. 

In a large octavo volume, with numerous chromos and wood engravings. Neatly bound in extra 
muslin. Price, $8.00. 

NOTICES OF THE PRESS. 

“ It is, then, with unfeigned pleasure that we welcome this work on 
clinical surgery, for so it should jusdy be called ; and even if it had a 
thousand defects, we should still feel grateful to its author for the public 
spirit he has manifested, and the pecuniary sacrifice the preparation of so 
elegant and costly a volume must have entailed. ******* 
“ It takes up in order all the regions of the body, and follows them with 
notes and cases illustrating surgical affections of the bloodvessels and 
nerves, tumors, gun-shot wounds, and miscellaneous cases. An historical 
chapter on anaesthesia closes the volume .”—Boston Medical and Surgi¬ 
cal Journal. 


Median Fissure of the Alveolar Arch. 


CORSON ON PLEURISY. 

ON THE TREATMENT OF PLEURISY: With an Appendix 

of Cases, showing the value of combinations of Croton Oil, Ether, and 
Iodine, as Counter-irritants in other Diseases. By JOHN W. CORSON, 
M.D. In one i6mo volume, flexible cloth. Price 50 cents. 
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GANOT’S PHYSICS. Elementary Treatise on Physics, Experi¬ 
mental and Applied. For the Use of Schools and Colleges. Translated 
and Edited from Ganot’s “ Elements de Physique,” with the author’s 
sanction. By E. ATKINSON, Ph.D., T.C.S., Professor of Experimental 
Science, Royal Military College, Sandhurst. 

In one thick large i2mo volume of over 900 pages, profusely illustrated by Chromo-lithographic 

Plates, and 762 fine wood engravings. Price $5.00. 



Tiie publishers take pride in offering this beautiful work cf Prof. Ganot. It 
has no rival, we believe, in the English language. It is fully up to the times in 
every particular, and no expense has been spared to make it typographically a 
model text-book. As a book for the library of the scholar and gentleman it is 
invaluable, giving concise information on every branch of Physical Science. We 
append simply two editorial notices taken from a large number, all extremely 
flattering to the book ;— 



Failing Bodies in Vacuum. 


NOTICES OF 

“It is the best elementary treatise cm physics, experi¬ 
mental and applied, that has appeared in English ; in fact, 
it may be said to form a class by itself, for it has no rival 
in the place it occupies between the ordinary school text¬ 
books and the more advanced and exhaustive works on 
physical science .”—Boston Journal 0/ Chemistry. 

“ It is so written that any one possessing a knowledge of 
elementary mathematics will be able to read it with ease. 
It is profusely and elegantly illustrated, particularly in 
those parts pertaining to modem instruments of research. 
The most attractive feature of the book, which shows itself 
in the discussion of every subject, is the fact that it is 
written tip to the times, and it will furnish many teachers 
and students with ' fresh food,’ which they could not other¬ 
wise obtain without great expense. In sound, the elagant 


THE PRESS. 

graphical methods of studying vibratory movements arc- 
given with clear explanations and satisfactory plates. Scott’s 
beautiful phonautograph is represented in a neat cut. and 
the ‘handwriting’ of various sounds is exhibited. The 
treatise on Heat is very complete, comprising the results 
of most modem investigation, and clear directions for the 
repetition of experiments. Boutigny’s and church’s methods 
of exhibiting the spheroidal state of a liquid are given. 
Besides the ordinary subjects in Light, Spectrum Analysis 
and Polarization receive full treatment at the hands of the 
author and artist. The chapters on Electricity are enriched 
with a tolerably full discussion of Ohm’s law and the Theory 
of Currents, with description of Holtz’s, Armstrong’s, and 
Puhmrkorffs machines, together with I,add’s and Weld’s.” 
—Ohio Educational Monthly. 
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Fasciculus)... 7 


1863. ( Seventh Year.) 

Vol. 25. A Yearbook for 1864. 7 

26. Casper’s Forensic Medicine. Vol. IV. 7 

27. Atlas of Portraits of Skin Diseases. (5th 

Fasciculus).. 8 


1866. ( Eighth Year.) 

Vol. 28. Bernutz and Goupil on the Diseases of 

Women. Vol. 1. 8 

29. Atlas of Portraits of Skin Diseases. (6th 

Fasciculus)... 8 

30. Hebra on Diseases of the Skin. Vol. I- 8 

31. Bernutz and Goupil on the Diseases of 

Women. Vol. II. 8 


1867. ( Ninth Year.) 

Vol. 32. A Biennial Retrospect of Medicine and 

Surgery.. 8 

33. Griesinger on Mental Pathology and Thera¬ 

peutics..•.••••:. 8 

34. Atlas of Portraits of Skin Diseases. (7th 

Fasciculus)...... 9 

35. Trousseau’s Clinical Medicine. Vol. 1. 9 


1868. {Tenth Year.) See Page 

Vol. 36. The Collected Works of Dr. Addison. 9 

37. Hebra on Skin Diseases. Vol. II. 9 

38. Lancereaux’s Treatise on Syphilis. Vol. I. 9 

39. Atlas of Portraits of Skin Diseases. (8th 

Fasciculus)... ; . to 

40. Catalogue of Atlas of Skin Diseases. 

(First Part). 10 


1869. ( Eleventh Year.) 

Vol. 41. Lancereaux’s Treatise on Syphilis. Vol. II. 10 

42. Trousseau’s Clinical Medicine. Vol. II.. 10 

43. A Biennial Retrospect of Medicine and 


Surgery... to 

44. Atlas of Portraits of Skin Diseases. (9th 

Fasciculus). . to 


1870. {Twelfth Year.) 

Vol. 45. Trousseau’s Lectures on Clinical Medicine. 

Vol. Ill. 10 

46. Niemeyer’s Lectures on Pulmonary Con¬ 

sumption. 11 

47. Stricker’s Manual of Histology. Vol. I... 11 

48. Atlas ot Portraits of Skin Diseases. (10th 

Fasciculus). 11 


1871. {Thirteenth Year.) 

Vol. 49. Wunderlich’s Medical Thermometry. 11 

50. Biennial Retrospect ot Medicine and Sur¬ 

gery....._. 12 

51. Titousseau’s Clinical Medicine. Vol. IV... 12 

52. Atlas of Portraits of Skin Diseases, (nth 

Fasciculus). 13 


1872. {Fourteenth Year.) 

Vol. S3- Stricker’s Manual of Histology. Vol. II.. 13 

54. Rindfleisch’s Pathological Histology. Vol. I. 13 

55. Trousseau’s Clinical Medicine. Vol. V.. .. — 

56. Atlas of Portraits of Skin Diseases. (12th 

Fasciculus). — 

1873. ( Fifteenth Year.) 

Vol. 57. Stricker’s Manual of Histology. Vol. III. — 

58. Rindfleisch’s Pathological Histology. 

Vol. II. - 

59. Biennial Retrospect of Medicine and Sur¬ 

gery ....:*•••.. • • - • — 

60. Atlas of Portraits of Skin Diseases. (13th 

Fasciculus). — 


1874. (Sixteenth Year.) 

Vol. 61. Hebra on Skin Diseases. Vol. Ill.— 

62. Von Troeltsch on Diseases of the Ear-— 

Helmholtz on Membrana Tympani, etc. (In 

one Vol.). — 

63. Hebra on Skin Diseases. Vol. IV. — 

64. Atlas of Portraits of Skin Diseases. (14th 

Fasciculus). — 


1875. {Seventeenth Year.) 

Vol. 65. Biennial Retrospect of Medicine and Sur- 

, gery... ; . 

40. Catalogue of Atlas of Skin Diseases. 

(Second Part).. 

*66. Clinical Lectures by various German Pro¬ 
fessors . 

*67. Atlas of Portraits of Skin Diseases. (15th 
Fasciculus). 


*Vols. 66 and 67 are not yet out, but are almost ready. 

Subscriptions $ 10.00 per year, in advance. 

Subscribers at a distance can have their Volumes mailed to them, postage paid, as they 
appear, by remitting $1.50 in addition to the subscription. 

IVon-Subscribers can obtain the books published during any one year by paying for that 
year $10.00. 

A Descriptive Catalogue of the Society’s Atlas of Portraits of Diseases of the Skin, and their last 
REPORT, will be furnished gratis on application to 

WILLIAM WOOD & CO., 

Agents for the Society in the United States. 












































































CYCLOPAEDIA 

OF THE 

PRACTICE OF MEDICINE. 

Edited by Dk. H. VON ZIEMSSEN, 

Professor of Clinical Medicine in Munich, Bavaria. 


IF 1 X IE 1 T IE E IT VOLUMES ROYAL O C T A . NT O . 


At the request of Dr. H. Yon Ziemssen, Professor of Clinical Medicine at 
Munich, a number of the most eminent clinical instructors of Germany have 
undertaken to prepare, in a series of independent treatises, a complete 

CYCLOPEDIA OF THE PRACTICE OF MEDICINE; 

The incentive to this labor being the great need which has been felt for the past 
year or two of a work which should fully correspond to the present standpoint 
of clinical medicine. This Cyclopaedia will embrace the entire range of Special 
Pathology and Therapeutics, and it is expected will be completed in fifteen 
volumes, large octavo, of from 500 to 700 pages each. The list of contents of 
each volume, herewith appended, gives the names of the Authors and the special 
departments which they have undertaken. While the work of each writer will 
bear the stamp of individuality, an effort will be made to give to each subject 
the prominence and space due to it only—that the harmony of the entire work 
may be preserved. It is designed that the Cyclopaedia shall be, par excellence, 
a Practical Hand-Book for Physicians; and for this reason especial attention has 
been given to clear and systematic arrangement. 

Por the value of the whole work, as well as the separate departments, the 
names of the writers are a sufficient guarantee. Each volume will have a full 
and carefully prepared index. 

Messrs. Wm. Wood & Co. have the honor to announce that, by special 
arrangement with the German Publisher and Editor, they are publishing by 
SUBSCRIPTION a copyrighted translation of this work. The translating 
is done by professional gentlemen, many of them former students of the writers 
of the different treatises, under the supervision of a responsible chief. Great 
care is taken with the mechanical execution of the volume. The type is large 
and clear, the paper fine, and the engravings electrotypes of the originals. It 
is proposed to publish four volumes a year, at regular intervals, in order to 
distribute the cost of subscription equally over about four years. 

TFRMS OF SUBSCRIPTION. 


Fifteen volumes, octavo, muslin binding, per vol. $5 00 

“ “ “ leather “ “ . 6 00 

“ “ “ half morocco binding, per vol. 7 50 


The Publishers respectfully give notice to the Medical Profession that this 
work will not be sold by them at less than the prices printed above, either 
before or after completion, nor will the volumes be sold separately. 

Those who propose subscribing to this work will please do so AT 
ONCE through our authorized agents, or, in localities where there is no agent, 
direct to the Publishers, that they may know how large an edition will be 
required to supply all who require it. 
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CONTENTS OF THE VOLUMES 

OF 

ZIEMSSEN’S CYCLOPAEDIA OF THE PRACTICE OF MEDICINE. 


FIRST VOLUME. 

ACUTE INFECTIOUS DISEASES. —Part I. Abdominal Typhus, Prof. I.iebermeister. 
Exanthematous and Recurrent Typhus, Cholera, Prof. Lebert. The Plague, Prof. Lieber- 
MEISTER. Yellow Fever, Dr. Haenisch. Dysentery, Prof. Heubner. Diptheria, Dr. 
Oertel. Now Ready. 

SECOND VOLUME. 

ACUTE INFECTIOUS DISEASES.— Part II. Varicella, Measles, and Scarlatina, Dr. Thomas. 
Variola and Varioloid, Dr. Curschmann. Erysipelas, Miliary Fever, Dr. Zuelzer. Mala¬ 
rial Infection, Prof. Hertz. Epidemic Cerebro Spinal Meningitis, Prof, von Ziemssen. 
Now Ready. 

THIRD VOLUME. 

CHRONIC INFECTIOUS DISEASES.—Syphilis, Prof. Baeumler. Trichinosis, Echinococcus, 
and Crysticercus Diseases, Prof. Heller. Infection by Animal Poisons—Rabies, Glanders, 
Worms, Malignant Pustule, Snake-bite, Flap, Footrot, etc., Prof. Bollinger. Now Ready. 

FOURTH VOLUME. 

DISEASES OF THE RESPIRATORY ORGANS,— Part I. Diseases of the Nostrils, of the 
Naso-Pharyngeal Space, of the Pharynx and Larynx, Dr. JFraenkel. Diseases of the Nose, 
Prof. Weber. Diseases of the Larynx: Catarrh, Ulcers, Perichondritis, CEdema, New 
Formations, Neuroses, etc., Prof, von Ziemssen. Croup, Prof. Steiner. Spasm of the 
Glottis, Whooping Cough, Dr. Steffen. Diseases of the Trachea and Bronchi, Dr. Riegel. 
Diseases of the Pleura, Dr. Fraenkel. In February. 

FIFTH VOLUME. 

DISEASES OF THE RESPIRATORY ORGANS.— Part II. Croupous Pneumonia, and other 
forms of Inflammation, Prof. Jurgensen. Hypersemia, Anaemia, Atalektasis, Collapse, 
Atrophy and Emphysema, Hypertrophy, Gangrene, New Formations, etc., Prof. Hertz. 
Acute and Chronic Tuberculosis, Phthisis, Profs. Ruhle and Rindfleisch. Now Ready. 

SIXTH VOLUME. 

DISEASES OF THE CIRCULATORY ORGANS.— Diseases of the Heart, Prof. Rosenstein 
and Dr. Schrotter. Diseases of the Pericardium, Dr. Bettelheim. Congenital Malforma¬ 
tion of the Heart, Prof. Lebert. Diseases of the Arteries, Veins, Lymphatics, Prof. 
Quincke. 

SEVENTH VOLUME. 

DISEASES OF THE CHYLOPOETIC SYSTEM.— Part I. Diseases of the Mouth, Salivary 
Glands, Prof. Vogel. Diseases of the Pharynx and Naso-Pharyngeal Space, Profs. Wagner 
and Wendt. Diseases of the (Esophagus, Profs. Zenker and von Ziemssen. Diseases of 
the Stomach and Intestine, Prof. Leube. Intestinal Worms, Prof. Heller. Constrictions, 
Closures, and Displacements of the Intestines, Dr. Leichtenstern. 

EIGHTH VOLUME. 

DISEASES OF THE CHYLOPO3TIC SYSTEM.— Part II. Diseases of the Liver and Biliary 
Passages, Profs. Thierfelder and Ponfick. Diseases of the Pancreas, Prof. Friedrich. 
Diseases of the Spleen (inclusive of Luksemia, Melanoemia), Prof. Mosler. Diseases of the 
Peritoneum, Prof. Duchek. Diseases of the Suprarenal Capsules, Addison’s Disease, Dr. 
Merkel. 

NINTH VOLUME. 

DISEASES OF THE URINARY ORGANS.—Diseases of the Kidneys, Hyperemia, and Diffuse 
Inflammations, Prof. Bartels. Special Diseases of the Kidneys, Affections of the Pelvis, oi 
the Kidneys and Ureters, Dr. Ebstein. Diseases of the Bladder and Urethra, Prof. Lebert. 
Diseases of the Male Genital Organs, Prof. Seitz. 
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TENTH VOLUME. 

DISEASES OF THE FEMALE SEXUAL ORGANS. Prof. Shroeder. Now Ready. 

ELEVENTH VOLUME. 

DISEASES OF THE NERVOUS SYSTEM.— PartI. Diseases of the Brain: Hyperaemia, 
Anaemia, Hemorrhages, Thrombosis, and Embolism, Prof. Nothnagel. Acute and Chronic 
Inflammations of the Brain and its Membranes, Prof. Wyss. Atrophy, Hypertrophy, Scle¬ 
rosis, (Edema, Hydrocephalus, Dr. Hitzig. Cerebral Tumors, Prof. Obernier. Syphilis of 
the Brain, etc., Prof. Heubner. Appendix: Aphasia, Alalia, Stuttering, Prof. Kussmaul. 
Diseases of the Spinal Cord, Prof. Erb. 

TWELFTH VOLUME. 

DISEASES OF THE NERVOUS SYSTEM. —Part II. Affections of the Peripheric Nerves: 
Neuralgia, Anaesthesia, Cramp, Paralysis, Neurosis of the Sensitive Nerves, Neuritis, Atrophy, 
Hypertrophy of Nerves, Neuroma. Prof. Erb. Affections of the Peripheric Nerves, especially 
of the Sympathetic: Angioneuroses and Trophoneuroses (Migraine, Angina Pectoris Vasomo¬ 
toria Morbus Basedovrii, Unilateral Facial Paralysis, Progressive Muscular Atrophy, Muscular 
Hypertrophy), Dr. A. Eui.enburg. General Neuroses: Nervousness. General Hyperassthesia, 
Spasm, Vertigo, Agrypnia, Tremor, Paralysis Agitans, Chorea, Epilepsy, Eclampsia, Trismus 
and Tetanus, Hysteria, Hypochondria, Profs. Nothnagel and Jolly. 

THIRTEENTH VOLUME. 

DISEASES OF THE LOCOMOTIVE APPARATUS.—Muscular and Articular Rheumatism 
Arthritis Vera and Deformans, Rhachitis, Osteomalachia, Inflammation, Hemorrhage, an 
Degeneration of the Muscles, Dr. Senator. General Anomalies of Nutrition: Chlorosis, 
Anaemia, Scrofula, and Affections of the Lymphatic Glands, Adiposis, Scurvy, Morbus Macu- 
losus, Haemophilia, etc., Prof. Immermann. Diabetes Mellitus and Insipidus, Polyuria, 
Hydruria, Azoturia, Dr. Senator. Appendix: Ephemera, Febris Herpelica aud Rheumatica, 
Prof. Seitz. 


FOURTEENTH VOLUME. 

DISEASES OF THE SKIN. Profs. Rindfleisch and von Ziemssen. 

FIFTEENTH VOLUME. 

TOXICOLOGY. Inorganic Poisons, Alkalies and Alkaline Earths, Metalloids, Halloids, and 
Mineral Acids, Prof. Bohm. Heavy Metals, Arsenic, Phosphorus, Prof. Naunyn. Organic 
Poisons (Alcohol, Anaesthesia, Gases), Animal Poisons (Cadaveric Poisoning, Sausage Poison¬ 
ing), Vegetable Poisons, Prof. Schmiedeberg. 


CAUTION. 

As this great work progresses, it is possible—from some Subscribers breaking up 
their sets, or from other causes—that occasional odd Volumes may be offered for 
sale. Those who desire the complete work are warned against purchasing these, as 
the Publishers do not engage to supply parts of sets. Every Subscription must t>3 
for the entire work. No Volumes will be sold separately. 


NOTICE. 

Many of the Subscribers to this great work are aware that the Volumes of the 
German Edition are not being issued in regular succession—some of those treating 
upon subjects of greatest interest having the precedence, although numbered to con¬ 
form to the plan of the entire work. It has been concluded to follow the same 
course with this translation; and, in compliance with the expressed wish of many 
Subscribers, Volume X., Schroeder’s “ Diseases of the Female Sexual 
Organs,” is now published. Volumes IV. and V. will follow. 

WILLIAM WOOD & CO., Publishers, New York. 
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